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(54) Magnetic bearing device and turbo molecular pump with the magnetic bearing device 
mounted thereto 



(57) , To provide a magnetic bearing device capable 
of lowering the costs required for the manufacture, in- 
stallation, or the like of a turbo molecular pump by re- 
ducing the number of elements of an amplifier circuit that 
drives, through excitation, electromagnets as well as the 
number of wires of a cable that connects the each elec- 
tromagnet and the amplifier circuit to each other, and a 
turbo molecular pump with the magnetic bearing device 
mounted thereto. One end of an electromagnet coil 151 
is connected to a common node R. Also, the other end 
thereof is connected to an amplifier circuit 410 com- 
posed of one transistor 411 and one diode 41 5. Further, 
the one end of the electromagnet coil 151 is common 
with respect to each of the electromagnets, and the 
common node R is controlled by an intermediate-volt- 
age maintaining circuit 451 so as to maintain an inter- 
mediate voltage Vc. 
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Description 

[0001] The present invention relates to a magnetic 
bearing device and a turbo molecular pump with the 
magnetic bearing device mounted thereto. More specif- 
ically, Ihe present invention relates to a magnetic bear- 
ing device capable of lowering the costs required for the 
manufacture, installation, or the like of a turbo molecular 
pump by reducing the number of elements of an ampli- 
fier circuit that drives, through excitation, electromag- 
nets as well as the number of wires of a cable that con- 
nects the each electromagnet and the amplifier circuit 
to each other, and to a turbo molecular pump with the 
magnetic bearing device mounted thereto. * 
[0002] With the development of electronics in recent 
years, demands for semiconductors for forming memo-" 7 
ries. integrated circuits, etc. are rapidly increasing. 
[0003] Those semiconductors are manufactured such 
that impurities are doped into a semiconductor substrate 
with a very high purity to impart electrical properties 
thereto, or semiconductor substrates with minute circuit 
patterns formed thereon are laminated. 
[0004] Those manufacturing steps must be per- 
formed in a chamber with a high vacuum state so as to 
avoid influences of dust etc. in the air. This chamber is 
generally evacuated by a vacuum pump. In particular, a 
turbo molecular pump is widely used since it entails little 
residual gas and is easy of maintenance. 
[0005] The semiconductor manufacturing process in- 
cludes a number of steps in which various process gas- 
es are caused to act onto a semiconductor substrate, 
and the turbo molecular pump is used not only to evac- 
uate the chamber but also to discharge those process 
gases from the chamber. 

[0006] Further, in equipment for an electron micro- 
scope etc., a turbo molecular pump is used to create a 
high vacuum state in the chamber of the electron micro- 
scope etc. in order to prevent refraction etc. of an elec- 
tron beam caused by the presence of dust or the like. 
[0007] Such a turbo molecular pump is composed of 
a turbo molecular pump main body for evacuating the 
chamber of a semiconductor manufacturing apparatus, 
an electron microscope, orthe like, and a control device 
for controlling the turbo molecular pump main body. 
[0008] FIG. 1 4 is a vertical sectional view of the turbo 
molecular pump main body. 

[0009] In Fig. 14, a turbo molecular pump main body 

100 includes an outer cylinder 127 with an intake hole 

1 01 formed on top thereof. Provided inside the outer cyl- 
inder 127 is a rotor 1 03 having in its periphery a plurality 
of rotor blades 102a, 102b, 102c, ... serving as turbine 
blades for sucking and discharging gas and formed ra- 
dially in a number of stages: 

[001 0] At the center of the rotor 1 03, a rotor shaft 1 1 3 
is mounted with being supported in a levitating state in 
the air and controlled in position, for example, by a 5-ax- 
is control magnetic bearing. 

[0011] Upper radial electromagnet 1 04 includes four 
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electromagnets arranged in pairs in X- and Y-axis and 
plus- and minus-side directions (although not shown in 
the drawing, those electromagnets are referred to as 
104X-, 104Y+, and 1 04Y-, as necessary). Further, there 

s Is provided an upper radial sensor 1 07 constituted of 
four electromagnets arranged in close proximity to and 
in correspondence with the upper radial electromagnets 
• 104. The upper radial sensor 107 detects radial dis- 
placement of the rotor 1 03, transmitting a detection sig- 

io nal to a control device 200 (shown in FIG. 15). 

[001 2]. In this control device 200, the upper radial elec- 
tromagnets 1 04 are excited and controlled by a magnet- 
ic bearing control circuit 201 having a PID adjusting 
function, on the basis of a displacement signal detected 

15 by the upper radial sensor 1 07, thus the radial position 
* of the uppgflp&Ttioniorthe rotor shaft 113 being adjusted. 

[0013] The rotor shaft 113 is formed of a high-mag- 
. netic-permeability material (e. g. , iron) and is adapted 
to be attracted by the magnetic force of the upper radial 

20 electromagnets 104. Such adjustment is conducted in- 
dependently in the X-axis direction and the Y-axis direc- 
tion. 

[0014] Further, lower radial electromagnets 105 and 
a lower radial sensor 1 08 are arranged in the same way 

25 as the upper radial electromagnets 104 and the upper 
radial sensor 107. Like the radial position of the upper 
portion of the rotor shaft 113, the radial position of the 
lower portion of the rotor shaft 11 3 is adjusted (the lower 
i radial electromagnets 105 are similarly referred to as 

so 1 05X+, 1 05X-, 1 05Y+, and 1 05Y-, as necessary). 

[0015] Further, axial electromagnets 1 06A and 1 06B 
each are arranged on the upper and lower sides of a 
metal disc 1 1 1 provided In the tower portion of the rotor 
shaft 113. The metal disc 111 is formed of a high-mag- 

35 netic-permeability material such as iron. To detect axial 
displacement of the rotor shaft 113, an axial sensor 109 
is provided, which transmits an axial displacement sig- 
nal to the control device 200. 

[001 6] The axial electromagnets 1 08A and 1 06B are 

40 excited and controlled by the magnetic bearing control 
circuit 201 having a PID adjusting function on the basis 
of the axial displacement signal. The axial electromag- 
net 1 06 A upwardly attracts the magnetic disc 1 1 1 by the 
magnetic force, and the axial electromagnet 106B 

45 downwardly attracts the magnetictfisc 11-1. .■ - ■ -f 
[0017] In this way, the control device 200 has a func- 
tion to appropriately control the magnetic force exerted 
on the metal disc 111 by the axial electromagnets 106A 
and 1 06B to magnetically levitate the rotor shaft 11 3 in 

so the axial direction, thereby retaining the rotor shaft 113 
in the space in a non-contact state. 
[001 8] Note that descriptions will be given later on the 
magnetic bearing control circuit 201 . 
[0019] Amqtor121 is equipped with a plurality of mag- 

55 netic poles, which are arranged circumferenlialry to sur- 
round the rotor shaft 113. The magnetic poles are con- 
trolled by the control device 200 to rotate the rotor shaft 
113 through an electromagnetic force acting between 
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the rotor shaft 113 and the magnetic poles. 
[0020] The motor 121 also has an RPM sensor (not 
shown in the drawing) incorporated to output a detection 
signal, which is used for detection of RPM of the rotor 
shaft 113. 

[0021] A phase sensor (not shown in the drawing) is 
attached, for example, in the vicinity of the lower radial 
sensor 108 to detect the phase of rotation of the rotor 
shaft 113! From detection signals of the phase sensor 
and the RPM sensor both, the control device 200 de- 
tects positions of the magnetic polos. 
[0022] A plurality of stationary blades 123a, 123b, 
123c, ... are arranged so as to be spaced apart from the 
rotor blades 102a, 102b, 102c, ..; by small gaps. To 
downwardly transfer the molecules of exhaust gas 
through collision, the rotor blades 102a, 102b, 102c, ... 
are inclined by a predetermined angle with respect to a 
plane perpendicular to the axis of the rotor shaft 113. 
[0023] Similarly, the stationary blades 1 23 are also in- 
clined by a predetermined angle with respect to a plane 
perpendicular to the axis of the rotor shaft 113, and ex- 
tend toward the inner side of the outer cylinder 127 to 
be arranged alternately with the rotor blades 102. 
[0024] The stationary blades 123 are supported at 
one end by being inserted into gaps between a plurality 
of stationary blade spacers 125a, 125b, 125c, ... 
stacked together in stages. 

[0025] The stationarybtade spacers 125 are ring- 
shaped members, which are formed of a metal, such as 
aluminum, iron, stainless steel, or copper, or an alloy 
containing such metal as a component. 
[0026] In the outer periphery of the stationary blade 
spacers 125, the outer cylinder 127 is secured In posi- 
tion with a small gap therebetween. At the bottom of the 
outer cylinder 1 27, there is arranged a base portion 1 29, 
and a threaded spacer 1 31 is arranged between the low- 
ermost one of the stationary blade spacers 125 and the 
base portion 129. In the portion of the base portion 129 
below the threaded spacer 131, there is formed a dis- 
charge outlet 1 33 which communicates with the outeide. 
[0027] The threaded spacer 131 is a cylindrical mem- 
ber formed of a metal, such as aluminum, copper, stain- 
less steel, or iron, or an alloy containing such metal as 
a component, and has a plurality of spiral thread 
grooves 131a in its inner peripheral surface. 
[0028] The spiral direction of the thread grooves 131a 
is determined such that when the molecules of the ex- 
haust gas move in the rotating direction of the rotor 1 03, 
these molecules are transferred toward the discharge 
outlet 133. 

[0029] Connected to the lowermost one of the rotor 
blades 102a, 102b, 102c, ... of the rotor 103 is a rotor 
blade 1 02d, which extends vertically downwards. The 
outer peripheral surface of the rotor blade 102d sticks 
out toward the inner peripheral surface of the threaded 
spacer 131 in a cylindrical shape, and is in close prox- 
imity to the inner peripheral surface of the threaded 
spacer 131 with a predetermined gap therebetween. 



[0030] The base portion 129 is a disc-like member 
constituting the base of the turbo molecular pump main 
body 100, and is generally formed of a metal, such as 
iron, aluminum, or stainless steel. 

5 [0031 ] The base portion 1 29 physically retains the tur- 
bo molecular pump main body 100, and also functions 
as a heat conduction passage. Thus, the base portion 
129 is preferably formed of a metal that is rigid and of 
high heat conductivity, such as iron, aluminum, orcop- 

10 per. 

[0032] In the above-described construction, when the 
rotor blades 1 02 are driven and rotated by the motor 121 
together with the rotor shaft 113, an exhaust gas from a 
chamber is sucked in through the intake hole 1 01 by the 
15 action of the rotor blades 1 02 and the stationary blades 
123. - 

[0033] The exhaust gas sucked in through the intake 
hole 101 passes between the rotor blades 102 and the 
stationary blades 123, and is transferred to the base por- 

20 tion 129. At this point, the temperature of the rotor 
blades 1 02 is raised by frictionat heat generated as the 
exhaust gas comes into contact with the rotor blades 
1 02 and by heat generated and conducted from the mo- 
tor 1 2 1 . Such heat is transferred to the stationary blades 

25 1 23 through radiation or through conduction of gas mol- 
ecules of exhaust_gas or the like. 
[0034] The stationary blade spacers 1 25 are joined to 
one another on the outer periphery and send, to the out- 
side, heat which the stationary blades 123 receive from - 

30 the rotor blades 1 02 as well as f rictional heat generated 
upon contact between exhaust gas and the stationary 
blades 123. 

[0035] The exhaust gas transferred to the base por- 
tion 1 29 Is sent to the discharge outlet 133 while being 
35 guided by the thread grooves 1 3]a of the threaded spac- 
er 131. 

[0036] In the description above/ the threaded spacer 
131 is placed on the outer periphery of the rotor blade 
102d and the inner peripheral surface of the threaded 

40 spacer 1 31 is scored with the thread grooves 1 31 a. This 
may be reversed and the outer peripheral surface of the 
rotor blade 102d may. be scored with thread grooves, 
whereas a spacer of which Inner peripheral surface 
forms a cylindrical shape surrounds the rotor blade 

45 I02d. 

[0037] Further, in order to prevent the exhaust gas 
sucked in through the intake hole 101 from entering the 
electrical portion composed of the motor 121 , the lower 
radial electromagnet 1 05, the lower radial sensor 108, 
so the upper radial electromagnet 104, the upper radial 
sensor 1 07, etc., the electrical portion is covered with a 
stator column 1 22, and the Interior of this electrical por- 
tion is maintained at a predetermined pressure with a 
purge gas. 

35 [0038] For this purpose, the base portion 129 is 
equipped with piping (not shown in the drawing) , and 
the purge gas is introduced through the piping. The 
purge gas introduced is passed through the gap be- 
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tween a protective bearing 120 and the rotor shaft 113, 
the gap between the rotor and stator of the motor 121 , 
and the gap between the stator column 1 22 andthe rotor 
blades 1 02 before it is transmitted to the discharge outlet 
133. 5 
[0039] The turbo molecular pump main body 100 re- 
quires control based on individually adjusted specific 
parameters (e.g., identification of the model and char- 
acteristics corresponding to the model). To store the 
control parameters, the turbo molecular pump main 10 
body 100 contains an electronic circuit portion 141 in its 
main body. The electronic circuit portion 141 is com- 
posed of a semiconductor memory, such as EEP-ROM, 
electronic parts, such as semiconductor devices for ac- 
cess to the semiconductor memory, a substrate 1 43 for is 
mounting, these components thereto, etc. — r- - 
[0040] This electronic circuit portion 1 41 is accommo- 
dated under an RPM sensor (not shown in the drawing) 
near the center of the base portion 129 constituting the 
lower portion of the turbo molecular pump main body 20 
100, and is closed by a hermetic bottom cover 145. 
[0041 ] In some cases, a process gas is introduced to 
a chamber with its temperature raised in order to en- 
hance the reactivity. Such process gas is cooled upon 
discharge and, reaching a certain temperature, could 25 
change into a solid to precipitate in the exhaust system. 
This type of process gas, one that becomes solidwhen 
cooled, adheres to the interior of the turbo molecular 
pump main body 100 and builds up. 

[0042] For instance, a vapor pressure curve shows 30 
that SiCI 4 used as a process gas for an Al etching device 
precipitates at low vacuum (760 torr to 1 0~ 2 torr) and low 
temperature (about 20°C) to produce a solid product (e. 
g., Atcy, which adheres and builds up in the turbo mo- .. 
lecular pump main body 100. As the precipitate of the 33 
process gas builds up in the turbo molecular pump main 
.0 body 100, the pump flow path is clogged with the de- 
posit, thereby lowering the performance of the turbo mo- 
lecular pump main body 100. The solid product tends to 
coagulate and adhere in the area near the discharge 40 
outlet where the temperature is low, in particular, around 
the rotor blades 1 02 and the threaded spacer 131. 
[0043] A conventional measure taken to solve this 
problem is to wind a heater (not shown in the drawing) 
and a ring-like water-cooled tube 149 around the outer *5 
periphery of the base portion 129 or other portion while 
burying a temperature sensor (not shown in the draw- 
ing) (e.g., thermistor) in, for example, the base portion 
129, so that the temperature of the base portion 129 is 
kept high at a set temperature by controlling the heating so 
effect of the heater and the cooling effect of the water- 
cooled tube 1 49 based on a signal from the temperature 
sensor (temperature management system, hereinafter 
abbreviated as TMS). 

[0044] Given next is a detailed description of the mag- ss 
net bearing control circuit 201 for exciting and controlling 
the upper radial electromagnets 104, the lower radial 
electromagnets 105, and the axial electromagnets 106 A 



and 106B of the turbo molecular pump main body 100 
and the control device 200 structured as above. 
[0045]. A structural diagram of the magnetic bearing 
control circuit and a control circuit is shown in FIG. 15. 
[0046] In FIG. 1 5, the control device 200 has the mag- 
netic bearing control circuit 20.1 provided for the respec- 
tive electromagnets including the upper radial electro- 
magnets 104 and the lower radial electromagnets 105. 
Accordingly, in the case of a 5-axis control magnetic 
bearing, there are ten of the same magnetic bearing 
control circuits (each of which is denoted by 201 and 
only some of them are shown in the drawing) in the con- 
trol device 200. 

[0047] The magnetic bearing control circuit 201 has a 
PID control circuit 203 to which a displacement signal 
senMrom the upper radial-sensor 1 07 or other sensors' 
is inputted. The PID control circuit 203 performs PID 
control on the displacement signal inputted, and outputs 
as a current command signal a current value necessary 
to drive the upper radial electromagnets 1 04 (the current 
value is hereinafter referred to as current command val- 
ue) to a current error computing unit 205. 
[0048] The current error computing unit 205 calcu- 
lates an error between the current command signal out- 
putted from the PID control circuit 203 and an electro- 
magnet current detection signal outputted from an am- ■ 
plifier circuit 210, (the error is hereinafter referred to as 
current error value) which will be described later. The 
current error computing unit 205 then outputs the ob- 
tained current error value as a current error signal to a 
pulse control circuit 207. 

[0049] The pulse control circuit 207, along with the 
amplifier circuit 210, will be described next. 
[0050] A circuit diagram of the amplifier circuit is 
shown in FIG. 16. 

[0051] In FIG. 16, the electromagnet coil 151, which 
constitutes the upper radial electromagnets 1 04 or others 
electromagnets, is connected at one end to a positive 
electrode 221a of a power source 221 through a tran- 
sistor 211 and is connected at the other end to a nega- 
tive electrode 221 b of the power source 221 through an 
electromagnetic current detecting circuit 231 and 
through a transistor 212. 

[0052] The transistors 211 and 212 are so-called N 
type power MQSFETs. The . transistor 21 1 has at one end 
a drain terminal 211a connected to the positive elec- 
trode 221a and has at the other end a source terminal 
211b connected to the one end of the electromagnet coil 
151 . The transistor 21 2 has at one end a drain terminal 
212a connected to the electromagnet current detecting 
circuit 231 and has at the other end a source terminal 
212b connected to the negative electrode 221b. 
[0053] On the other hand, a diode 215 provided for 
current regeneration has a cathode terminal 215a con- 
nected to one end of the electromagnet coll 151 and has 
an anode terminal 21 5b connected to the negative elec- 
trode 221b. Similarly, a diode 21 6 for current regenera- 
tion has a cathode terminal 21 6a connected to the pos- 
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itive electrode 221a and has an anode terminal 216b 
connected to the other end of the electromagnet coil 1 51 
through the electromagnetic current detecting circuit 
231. 

[0054] The electromagnet current detecting circuit 
231 is, for example, a hole sensor serving as a current 
sensor, and delects the amount of a current flowing in 
the electromagnet coll 151 (hereinafter referred to as 
electromagnet current IL) to output the detected current 
value as an electromagnet current detection signal to 
tho current error computing unit 205. 
[0055] Also provided between the positive electrode 
221a and negative electrode 221b of the power source 
221 is a stabilizing capacitor 223 for stabilizing the pow- 
er source 221 . 

[0056] A node P,~which designates the-section be- 
tween the one end of the electromagnet coll 1 51 and the 
transistor 211, and a node Q, which designates the sec- 
tion between the other end of the electromagnet coil 1 51 
and the electromagnet current detecting circuit 231, 
constitute a cable 1 70 for connecting the control device 
200 to the turbo molecular pump main body 100 as 
shown in FIG. 15, which is because the electromagnet 
coil 1 51 is an element of the turbo molecular pump main 
body 100. 

[0057] As the magnetic bearing controlling circuit 201 
is provided for the respective electromagnets including 
the upper radial electromagnets 1 04 and the lower radial 
electromagnets 1 05, the amplifier circuit 21 0 structured 
as above is provided for each of those electromagnets, 
meaning that there are identical amplifier circuits (each 
of which is denoted by 21 0) for the lower radial electro- 
magnets 1 05 and for the axial electromagnets 1 06A and 
1 06B in addition to the amplifier circuit 2 1 0 for the upper 
radial electromagnets 1 04. 

[0058] The pulse control circuit 207 determines the 
pulse width (pulse width time Tp1 , Tp2) of pulses to be 
generated within a control cycle Ts, which is one cycle 
by PWM control, based on a current error signal output- 
ted from tho current error computing unit 205 in order to 
increase or decrease the electromagnet current IL. At 
this point, the pulse control circuit 207 receives a carrier 
wave having a given cycle (for example, 25 kHz) and 
the control cycle Ts is determined in accordance with 
the cycle of the earner wave. The pulse control circuit 
207 thus outputs a signal having the pulse width time 
Tp1 or Tp2 (hereinafter referred to as gate drive signal) 
within the control cycle Ts to gate terminals of the tran- 
sistors 21 1 and 21 2, to thereby switch on or off the tran- 
sistors 211 and 212. 

[0059] In this structure, when a current command val- 
ue outputted from the PID control circuit 203 is larger 
than a current detection value detected at the electro- 
magnet current detecting circuit 231; in other words, 
when the electromagnet current iL is to be increased, 
the transistors 211 and 212 are both kept turned on for 
a time period corresponding to the pulse width time Tp1 
within the control cycle Ts and are both kept turned off 



during a time period corresponding to the pulse width 
time Tp2 (= Ts - Tp1) as shown in FIG. 17. 
[0060] While the transistors 211 and212 are both kept 
turned on, the electromagnet current IL flowing from the 
s positive electrode 221a to the negative electrode 221b 
through the transistor 211 , Lhe electromagnet coil 151 , 
and the transistor 212 is supplied to the electromagnet 
coil 151 (the electromagnet current iL is increased dur- 
ing this period). On the other hand, while the transistors 
io 21 1 and 212 are both kept turned off, the electromagnet 
. current IL regenerated from the negative electrode 221 b 
to the positive electrode 221a through the diode 215, 
the electromagnet coil 151, and the diode 216 is sup- 
plied to the electromagnet coil 151 (the electromagnet 
current IL during this period is smaller than when the 
transistors 211 and 21 2 are both turned on). 
[0061 J Therefore, the electromagnet current iL within 
one control cycle Ts is (ultimately) increased by setting 
the pulse width time Tp1 longer than the pulse width time 
Tp2. 

[0062] This is all reversed in the case where a current 
command value outputted from the PID control circuit 
203 is smaller than a current detection value detected 
at the electromagnet current detecting circuit 231 , in oth- 
er words, when the electromagnet current iL is to be de- 
creased. The electromagnet current iL within one con- 
trol cycle Ts is decreased by setting the pulse width time 
Tp2 longer than the pulse width time Tp1 . 
[0063] By turning one of the transistors 211 and 212 
of the amplifier circuit 21 0 on, a flywheel current is main- 
tained in the amplifier circuit 21 0 (not shown in the draw- 
ing) as disclosed in JP 3176584 B. 
[0064] Maintaining a flywheel current In the amplifier 
circuit 210 makes It possible to reduce the hysteresis 
loss in the amplifier circuit 21 0 and lower the tola! current 
consumption of the circuit. In addition, with the transis- 
tors 211 and 212 controlled in this manner, high-fre- 
quency noise of harmonics or the like is reduced in the 
turbo molecular pump main body 100. 
[0065] As has already been descrbed, the magnetic 
bearing control circuit 201 is provided for the respective 
electromagnets including the upper radial electromag- 
nets 104 and the lower radial electromagnets 105 and 
accordingly the control device 200 has ten identical am- 
plifier circuits (each denoted by 210)^Taking into ac- 
count this and the fact that, in each amplifier circuit 21 0, 
two transistors 21 1 and 21 2 and two diodes 215 and 21 6 
are necessary for every electromagnet coil 151, the con- 
trol device 200 needs twenty transistors and twenty di- 
odes in total to drive, through excitation, every electro- 
magnet. 

[0066] Meanwhile, the transistors 211 and 212 and 
the diodes 21 5 and 21 6 have to be large in element size 
(channel width for the transistors and junction area for 
the diodes) in order to supply a large current to the elec- 
tromagnet coil 151. 

[0067] ft Is therefore difficult to downsize the amplifier 
circuit 21 0 while ensuring enough current supply to the 
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electromagnet coil 151 and. as a result, reducing the 
control device 200 in size is made difficult. 
[0068] The control device 200 therefore, take- up 
much space when installing the turbo molecular pump 
main body 100 and the control device 200 In a clean 
room or Ihe like, and it could lead to an increase in cost 
for the installation. 

[0069] In addition, as described above, the nodes P 
and Q that connect the amplifier circuit 21 0 and the elec- 
tromagnet coil 151 to each other constitute the cable 
1 70 laid between the control device 200 and the turbo 
molecular pump main body 100 for interconnection. 
With the control device 200 having ten amplifier circuits 
(210), there are twenty wires In total as the nodes P and 
Q in the cable 170. 

[0070]- Consequently, the cable 170 cannot-be re- 
duced in number of wires, thereby making ft' difficult to 
lower the cost of the cable 170. 

[0071 ] Furthermore, the wires serving as the nodes P 
and Q have to be targe in diameter in order to send a 
large current to the electromagnet coil 1 51 . 
[0072] This makes it difficult to'reduce the cable 1 70 
in diameter and, accordingly, downsizing of a connector 
(not shown in the drawing) serving as an entrance and 
an exit of the turbo molecular pump main body 100 for 
the cable 170 is also made difficult. The connector on 
the side of the turbo molecular pump main' body 100 
bears a special task to enable the cable 1 70 to serve as 
an input/output cable while maintaining the vacuum 
state in the turbo molecular pump main body 100. 
Therefore, a difficulty in reducing the diameter of the 
connector could directly lead to a rise in total manufac- 
ture cost of the turbo molecular pump. 

SUMMARY OF THE INVENTION 

^ [0073] The present invention has been made in view 
of the above-mentioned problems inherent in the prior 
art, and an object of the present invention is therefore 
to provide a magnetic bearing device capable of lower- 
ing the cost of manufacturing a turbo molecular pump 
by reducing the number of elements of an amplifier cir- 
cuit that drives, through excitation, electromagnets and 
a turbo molecular pump with the magnetic bearing de- 
vice mounted thereto. 

[0074] According to the present invention, there is 
provided a magnetic bearing, characterized by compris- 
ing: a rotor; position control means for controlling a ra- 
dial position and/or an axial position of the rotor by elec- 
tromagnets; first voltage generating means for generat- 
ing a first voltage between a first positive electrode and 
a negative electrode; second voltage generating/main- 
taining means for generating a second voltage, which is 
lower than the first voltage, between a second positive 
electrode and the negative electrode and maintaining 
the second voltage, the first and second positive elec- 
trodes being different from each other, and first excita- 
tion control means for exciting and controlling the elec- 



tromagnets by a first supply current supplied from the 
second positive electrode to the negative electrode and/ 
or by a first regenerated current regenerated from the 
second positive electrode to the first positive electrode, 

5 characterized in that: the first excitation control means 
includes: a first switch element for connecting and dis- 
connecting the first supply current; a first control circuit 
for controlling connection and disconnection of the first 
switch element: and a first rectifier element for causing 

10 the first regenerated current to flow in the direction of its 
regeneration. 

[0075] The electromagnets arc driven when the first 
supply current flowing from the second positive elec- 
trode to the negative electrode is supplied to the elec- 
ts tromagnets by connecting the first switch element. On 
the^ther hand, when the-flrst switch element is discon- 
nected, the electromagnets are supplied with the first 
regenerated current flowing from the second positive 
electrode to the first positive electrode. At this point the 
20 voltage of the second positive electrode is dropped by 
the first excitation control means. However, in either 
case, the second voltage generating/maintaining 
means keeps the second positive electrode at the sec- 
ond voltage. Thus the first excitation control means and 
25 the second voltage generating/maintaining means to- 
gether make it possible to increase or decrease the 
amount of current flowing in the electromagnets. 
[0076] This enables the first excitation control means 
for exciting and controlling the electromagnets when the 
30 first excitation control means is merely composed of the 
first switch element and the first rectifier element. 
[0077] With the elements that constitute the first exci- 
tation control means thus reduced in number, the mag- 
netic bearing device having this first excitation control 
33 means is less likely to malfunction. In addition, power 
consumption of the magnetic bearing device and heat 
generated in the magnetic bearing device can be re- 
duced. 

[0078] The second voltage is desirably about half the 

40 first voltage. 

[0079] Also, according to the present Invention, there 
is provided a magnetic bearing device, characterized by 
comprising: a rotor; position control means for control- 
ling a radial position and/or an axial position of the rotor 

45 by electromagnets; first voltage generating means for 
generating a first voltage between a first positive elec- 
trode and a negative electrode; second voltage gener- 
ating/maintaining means for generating a second volt- 
age, which is lowerthan the first voltage, between a sec- 

50 ond positive electrode and the negative electrode and 
maintaining the second voltage, the first and second 
positive electrodes being different from each other; and 
second excitation control means for exciting and con- 
trolling the electromagnets by a second supply current 

35 supplied from the first positive electrode to the second 
positive electrode and/or by a second regenerated cur- 
rent regenerated from the negative electrode to the sec- 
ond positive electrode, characterized in that the second 
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excitation control means includes: a second switch ele- 
ment for connecting and disconnecting the second sup- 
ply current; a second control circuit for controlling con- 
nection and disconnection of the second switch ele- 
ment; and a second rectifier element for causing the 
second regenerated current to flow in the direction of its 
regeneration. 

[0080] The electromagnets are driven when the sec- 
ond supply current flowing from the first positive elec- 
trode to the second positive electrode is supplied to the 
electromagnets by connecting the second switch ele- 
ment. On the other hand, when tho second switch cle- 
ment is disconnected, the electromagnets are supplied 
with the second regenerated current flowing from the 
negative electrode to the second positive electrode. At 
this point, the .voltage of the second positive electrode 
is raised by the second excitation control means. How- 
ever, in either case, the second voltage generating/ 
maintaining means keeps the second positive electrode 
at the second voltage. Thus the second excitation con- 
trol means and the second voltage generating/maintain- 
ing means together make it possible to increase or de- 
crease the amount of current flowing in the electromag- 
nets. 

[0081] This enables the second excitation control 
means for exciting and controlling the electromagnets 
when the second excitation control means' is merely 
composed of the second switch element and the second 
rectifier element, as in the first aspect of the present in- 
vention. 

[0082] Accordingly, a structure that is easy to design 
can be chosen in designing a magnetic bearing device 
and a structure that Is easy to control can be chosen in 
controlling the magnetic bearing device. 
[0083] Further, according to the present invention, 
there is provided a magnetic bearing device, character- 
ized by comprising: a rotor; position control means for 
controlling a radial position and/or an axial position of 
the rotor by a plurality of electromagnets; first voltage 
goneratingmcans for generating a first voltage between 
a first positive electrode and a negative electrode; sec- 
ond voltage generating/maintaining means for generat- 
ing a second voltage, which is lower than the first volt- 
age, between a second positive electrode and the neg- 
ative electrode and maintaining the second voltage, the 
first and second positive electrodes being different from 
each other; first excitation control means for exciting and 
controlling at least one of the plural electromagnets by 
one of a first supply current supplied from the second 
positive electrode to the negative electrode and a first 
regenerated current regenerated from the second pos- 
itive electrode to the first positive electrode; and second 
excitation control means for exciting and controlling at 
least one of the electromagnets, excluding the one or 
more that are excited and controlled by the first excita- 
tion control means, by one of a second supply current 
supplied from the first positive electrode to the second 
positive electrode and a second regenerated current re- 



generated from the negative electrode to the second 
positive electrode, characterized in that the first excita- 
tion control means includes: a first switch element for 
connecting and disconnecting the first supply current; a 

s first control circuit for controlling connection and discon- 
nection of the first switch element; and a first rectifier 
element for causing the first regenerated current to flow 
in the direction of its regeneration, and that the second 
excitation control means includes: a second switch e!e- 

10 ment for connecting and disconnecting the second sup- 
ply current; a second control circuit for controlling con- 
nection and disconnection of the second switch cle- 
ment; and a second rectifier element for causing the 
second regenerated current to how in the direction of Its 

15 regeneration. 

[0084] -The second voltage .generating/maintaining 
means keeps the second positive electrode at the sec- 
ond voltage. Thus the combination of the first excitation 
control means and the second voltage generating/main- 

20 taining means and the combination of the second exci- 
tation control means and the second voltage generating/ 
maintaining means make it possible to increase or de- 
crease the amount of current flowing in the electromag- 
nets. 

25 [0085] In this way, effects similar to those of the first 
and second aspects of the present invention can be ob- 
tained. 

[0086] Further, according to the present invention, the 
magnetic bearing device is characterized in that the 

30 electromagnets are divided into two groups, one excited 
and controlled by the first excitation control means end 
the other excited and controlled by the second excitation 
control means, so that the amount of current flowing 
from the first positive electrode to the second positive 

35 electrode and the amount of current flowing from the 
second positive electrode to the negative electrode are 
made equivalent to each other. 

[0087] By dividing the plural electromagnets into 
groups in a manner that makes the amount of current 

40 flowing from the first positive electrode to the second 
positive electrode equivalent to the amount of current 
flowing from the second positive electrode to the nega- 
tive electrode, the current the second voltage generat- 
ing/maintaining means has to supply is lessened in 

45 amount. a ... 

[0088] This makes it possible' to downsize the circuit 
that constitutes the second voltage generating/main- 
taining means and accordingly the magnetic bearing de- 
vice can further be reduced in size. 

50 [0089] Further, according to the present invention, 
there is provided a magnetic bearing device, character- 
ized by further comprising: a resistor connected at one 
end to the negative electrode; and electromagnet cur- 
rent detecting means for detecting the value of a current 

55 supplied to and/or regenerated by the electromagnets 
by flowing the current in the resistor. 
[0090] The electromagnet current detecting means 
uses the resistor that is connected at one end to the neg- 
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ative electrode to detect the value of current supplied to 
the electromagnets orthe like. For that reason, the elec- 
tromagnet current detecting means does not receive an 
input of high voltage . This enables the electromagnet 
current detecting means to avoid noise and accordingly, 
detect the current with accuracy even when a differential 
amplifier or the like is employed. This also eliminates 
the need to use a highly precise differential amplifier, an 
expensive hole sensor serving as a current sensor, or 
the like, thereby simplifying the structure of the electro- 
magnet current detecting means and lowering the cost 
of parts. 

[0091] Further, according to the present invention, the 
magnetic bearing device is characterized in that the plu- 
ral electromagnets are provided, and that the each elec- 
tromagnet forms at.one end a common node,, which is 
kept at the second voltage by the second voltage gen- 
erating/maintaining means. 

[0092] Since the each electromagnet forms at one 
end a common node and the second voltage generating/ 
maintaining means keeps the node at the second volt- 
age, the first excitation control means (orthe second ex- 
citation control means), the second voltage generating/ 
maintaining means, and the each electromagnet are 
connected to one another merely by the common node 
at the one end of the each electromagnet and by a wire 
at the other end of the each electromagnet. 
[0093] In this way, the number of wires necessary to 
interconnect the first excitation control means (or the 
second excitation control means), the second voltage 
generating/rnaintaining means, and the each electro- 
magnet is reduced and the wiring cost can be lowered. 
[0094] Further, according to the present Invention, the 
second voltage generating/maintaining means In- 
cludes: a voltage error computing unit for calculating an 
error between the voltage of the one end of the each 
electromagnet and a voltage command value; and a 
regulator circuit for adjusting the second voltage in ac- 
cordance with the error calculated by the voltage error 
computing unit. v... 

[0095] Thus the second voltage generating/maintain- 
ing means is controlled to keep the one end of the each 
electromagnet at the second voltage based on the ac- 
tual voltage of the one end of the each electromagnet 
Accordingly, the second voltage generating/maintaining 
means can be structured in a manner that allows the 
first excitation control means and the second excitation 
control means to share the second voltage generating/ 
maintaining means. 

[0096] Further, according to the present invention, the 
magnetic bearing device is characterized in that the sec- 
ond voltage generating/maintaining means has a regu- 
lator circuit for adjusting the second voltage, and that a 
current flow is controlled so that a current flowing be- 
tween the regulator circuit and the one end of the each 
electromagnet does not exceed a given limit. 
[0097] The regulator circuit controls a current flowing 
between the regulator circuit and the one end of the 
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each electromagnet so that the current does not exceed 
a limit. Therefore, ripples of the current flowing between 
the regulator circuit and the one end of the each elec- 
tromagnet can be reduced by setting the limit appropri- 
5 ately. 

[0098] The current flowing in elements that constitute 
the regulator circuit can thus be decreased and less heat 
is generated from these elements, which makes it pos- 
sible to prolong the lifetime of the device. In addition, 
10 parts cost is lowered and the reliability Of the magnetic 
bearing device can bo improved. 
[0099] Furthermore, ripples of the voltage of the one 
end of the each electromagnet can be reduced. This 
makes it possible to reduce the volume of, for example, 
15 a stabilizing capacitor, which is provided to stabilize the 
^ voltage of the one^end otthe each electromagnet, and, 
accordingly, to reduce the magnetic bearing device in 
size. - 

[0100] Further, according to the present invention, the 
20 magnetic bearing device is characterized in that the limit 
is changed in accordance with an error between the volt- 
age of the one end of the each electromagnet and the 
voltage command value. 

[0101] The limit of the current flowing between the 
25 regulator circuit and the one end of the each electro- 
magnet is changed appropriately based on an error be- 
tween the voltage of the one end of the each electro- 
magnet and the voltage command value. If the limit is 
set on higher level as the error increases, the regulator 
30 circuit can be controlied without being influenced by the 
current limit. If the limit is set on lower level to adapt to 
a small error, the current in this case experiences fewer 
ripples. 

[0102] Further, according to the present invention, the 
35 magnetic bearing device is characterized in that: the 
regulator circuit includes: a choking coil connected to 
the one end of the each electromagnet; a third switch 
element for connecting and disconnecting a current that 
flows between the choking coll and the negative elec- 
ta trodo; a third rectifier clement for causing a current to 
flow from the negative electrode to the choking coll; a 
fourth switch element for connecting and disconnecting 
a current that flows between the first positive electrode 
and the choking coil; and a fourth rectifier element for 
*s causing a current to flow from the choking coil to the first . 
positive electrode; to raise the voltage of the one end of 
the each electromagnet, the third switch element is kept 
disconnected while controlling connection and discon- 
nection of the fourth switch element; and that to drop the 
so voltage of the one end of the each electromagnet, the 
fourth switch element is kept disconnected while con- 
trolling connection and disconnection of the third switch 
element. 

[01 03] To raise the voltage of the one end of the each 
55 electromagnet, the third switch element is kept discon- 
nected while controlling connection and disconnection 
of the fourth switch element In this case, during a period 
in which the fourth switch element is connected, an in- 
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creased amount of current is supplied to the one end of 
the each electromagnet whereas the current supply to 
the one end of the each electromagnet is decreased as 
the fourth switch element is disconnected due to a re- 
generated current flowing through the third rectifier ele- 5 
ment. While the current supplied to the one end of the 
each electromagnet is decreased, the third switch ele- 
ment is disconnected and therefore the current does not 
become a negative current. 

[0104] in addition, to drop the voltage of the one end 10 
of the each electromagnet, the fourth switch clement is 
kept disconnected while controlling connection and dis- 
connection of the third switch element In this case, dur- 
ing a period in which the third switch element is connect- 
ed, a decreased amount of current is supplied to the one is 
end of the each electromagnet whereas the current sup- 
ply to the one end of the each electromagnet is in- 
creased as the third switch element is disconnected due 
.to a regenerated current flowing through the fourth-rec- 
tifier element. While the current supplied to the one end 20 
of the each electromagnet is increased, the fourth switch 
element is disconnected and therefore the current does 
not become a positive current. 

[0105] Therefore, ripples of the current flowing be- 
tween the regulator circuit and the one end of the each 25 
electromagnet can be reduced. 

[0106] Further, according to the present invention, 
there is provided a turbo molecular pump including the 
magnetic bearing device, characterized in that the rotor 
has rotor blades and a rotor shaft placed at the center 30 
of the rotor blades, and that the position control means 
levitates the rotor shaft by a magnetic force. 
[0107] The magnetic bearing device is mounted to a 
turbo molecular pump. The turbo molecular pump 
mounted with the magnetic bearing device can accord- 33 
ingly be reduced in size. 

[01Q8] Further, according to the present invention, 
there is provided a turbo molecular pump, characterized 
by further including: a turbo molecular pump main body 
having at least the rotor and the position control means; 40 
and a control device having at least one of the first ex- 
citation control means and the second excitation control 
means, characterized in that the turbo molecular pump 
main body and the control device are integrated into 
one. 45 
[0109] The first excitation control means and second 
excitation control means described above can be re- 
duced in size. Therefore, the control device that has the 
first excitation control means and the second excitation 
control means can also be reduced in size. so 
[01 1 0] This makes it possible to integrate the control 
device and the turbo molecular pump main body into 
one, eliminating the need for wires or the like that con- 
nect the control device and the turbo molecular pump 
main body to each other. 55 
[01 1 1 ] Therefore, less cost is needed in manuf actur- 
ing and installing the turbo molecular pump. 
[01 1 2] Embodiments of the present invention will now 



be descrtoed by way of further example only and with 
reference to the accompanying drawings, in which: 

FIG. 1 is a structural diagram of a magnetic bearing 
control circuit and a control circuit according to Em- 
bodiment 1 of the present invention; 
FIG. 2 Is a circuit diagram of an amplifier circuit ac- 
cording to Embodiment 1 of the present invention; 
FIG. 3 is a circuit diagram of an electromagnet cur- 
rent detecting circuit; 

FIG. 4 is a time chart showing control of the amplifier 
circuit; 

FIG. 5 is a time chart showing control of a regulator 
circuit (for when the voltage of a common node R 
is to be raised); 

FIG^SHs a circuit diagranrrof an amplifier circuit ac- 
cording to Embodiment 2 of the present invention; 
FIG. 7 is a time chart showing control of a regulator 
circuit (for when the voltage of the common node R 
is to be dropped); 

FIG. 8 is a circuit diagram of an amplifier circuit ac- 
cording to Embodiment 3 of the present invention; 
FIG. 9 is a circuit diagram of an amplifier circuit ac- 
cording to Embodiment 4 of the present invention; 
FIG. 10 is a diagram showing timing of detecting a 
current in an electromagnet current detecting cir- 1 
cuit; 

FIG. 11 is a circuit diagram of an amplifier circuit 
according to Embodiment 5 of the present inven- 
tion; 

FIG. 12 is a time chart showing control of a regulator 
circuit according to current mode control (for when 
the voltage of the common node R is to be raised); 
FIG. 1 3 Is a time chart showing control of the regu- * 
lator circuit according to current mode control (for 
when the voltage of the common node R is to be 
dropped); 

FIG. 14 is a vertical sectional view of a turbo mo- 
lecular pump main body; 

FIG: 15 is a structural diagram of a conventional 
magnetic bearing control circuit and control circuit; 
FIG. 16 is a circuit diagram of a conventional am- 
plifier circuit; and 

FIG. 17 is a time chart showing control of the con- 
ventional amplifier circuit. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS : 



[0113] Embodiment 1 of the present invention is de- 
scribed below. 

[0114] FIG. 1 shows a structural diagram of a mag- 
netic bearing control circuit and control circuit according 
to Embodiment 1 of the present invention. Components 
in FIG, 1 that are identical with those in FIG. 15 are de- 
noted by the same reference symbols and descriptions 
thereof are omitted here. 

[01 15] In FIG. 1 , a turbomolecularpumpmainbody 300 
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has electromagnet coils which constitute upper radial 
electromagnets 104, lower radial electromagnets 105, 
and other electromagnets. The electromagnet coils are 
each denoted by 151 , and form a common node at one 
end (the node is referred to as common node R). 5 
[0116] A control device 400 has a magnetic bearing 
control circuit 401, which is provided for the respective 
electromagnets including the upper radial electromag- 
nets 1 04 and the lower radial electromagnets 1 05. In the 
case of a 5-axis control magnetic bearing, the control 
device 400 has ten of the same magnetic bearing control 
circuits (each of which is denoted by 401). 
[01 1 7] As in prior art, the magnetic bearing control cir- 
cuit 401 has a PID control circuit 203 and a current error 
computing unit 205, which exert control in accordance 
, with a displacement signal sent from^an upper radial 
sensor 1 07 or other sensors. As a result, the current er- 
ror computing unit 205 outputs a current error signal to 
a pulse control circuit 407. 

[01 1 8] The pulse control circuit 407 will be described 
along with an amplifier circuit. 410. 
[01 19] A circuit diagram of the amplifier circuit 41 0 is 
shown in FIG. 2. Components in FIG. 2 that are identical 
to those in FIG. 1 6 are denoted by the same reference 
symbols and descriptions thereof will be omitted here. 
. [0120] In FIG. 2, one end of the electromagnet coil 
151 is connected to the common node R. The other end 
of the electromagnet coil 1 51 is connected to a negative 
electrode 221b of a power source 221 through an elec- 
tromagnet current detecting circuit 231 and through a 
transistor 411. 

[0121] Similar to prior art, the transistor 411 is an N 
type power MOSFET. The transistor411 has at one end 
a drain terminal 411a connected to the electromagnet 
current delecting circuit 231 and has at the other end a 
source terminal 411b connected to the negative elec- 
trode 221b, 

[0122] A diode 415 for current regeneration has a 
cathode terminal 41 5a connected to a positive electrode 
221 a of the power source 221 and has an anode termi- 
nal 415b connected to the drain terminal 411a of the 
transistor 411. 

[0123] The electromagnet current detecting circuit 
231 detects the amount of a current iL flowing m the 
electromagnet coil 151 and outputs the detected current 
value as an electromagnet current detection signal to 
the current error computing unit 205. The electromagnet 
current detecting circuit 231 is, for example, a hole sen- 
sor serving as a current sensor. 

[01 24] An alternative to the use of a hole sensor serv- 
ing as a current sensor Is to build the electromagnet cur- 
rent detecting circuit 231 from a detection resistor 232 
and a differential amplifier 237. As shown in FIG. 3, the 
detection resistor 232 is connected in series between 
the other end of the electromagnet coil 1 51 and the drain 
terminal 41 1 a of the transistor 41 1 . The differential am- 
plifier 237 amplifies an electric potential difference be- 
tween the ends of the detection resistor 232 td detect a 



current flowing in the detection resistor 232. In this case, 
one end of the detection resistor 232 is connected to an 
input end on the minus side of the differential amplifier 
237 through a resistor 233. The input end on the minus 
side of the differential amplifier 237 is connected to an 
output end of the differential amplifier 237 through a re- 
sistor 235. The other end of the detection resistor 232 
is connected to an input end on the plus side of the dif- 
ferential amplifier 237 through a resistor 234. The input 
end on the plus side of the differential amplifier 237 is 
grounded through a resistor 236. The resistors 233 
through 236 include parasitic resistors of wires and re- 
sistor elements provided specially for adjustment of the 
offset voltage of the differential amplifier 237. The resist- 
ance of the resistor 233 is matched to that of the resistor 
234 ancttbe resistance of the resistor 235 is matched to 
that of the resistor 238, so that the differential amplifier 
237 has a low offset voltage. . 

[0125] The electromagnet current detecting circuit 
231 may be connected to the one end of the electro- 
magnet coil 151 instead of the other end of the electro- 
magnet coil 151. 

[0126] Stabilizing capacitors 423a and 423b are con- 
nected between the positive electrode 221 a of the pow- 
er source 221 and the common node R and between 
the negative electrode 221b and the common node R, * 
respectively, in order to stabilize the voltage of the power 
source 221 and the common node R. 
[01 27] Similar to prior art, the section between the oth- 
er end of the electromagnet coil 151 and the transistor 
411 (hereinafter referred to as node S) constitutes a ca- 
ble 1 70, which interconnects the control device 400 and 
the turbo molecular pump main body 300, since the 
electromagnet coll 151 is an element of the turbo mo- 
lecular pump main body 300. 

[0128] This embodiment is also similar to prior art in 
that, as the magnetic bearing control circuit 401 is pro- 
vided for the respective electromagnets including the 
upper radial electromagnets 104 arid the lower radial 
electromagnets 1 05, the amplifier circuit 410 structured 
as above is provided for each of those electromagnets, 
meaning that there are identical amplifier circuits (each 
of which is denoted by 41 0) for the lower radial electro- 
magnets 1 05 and for the axial electromagnets 1 06A and 
1 06B in addition to the amplifier.circurt 41 0 forthe upper 
radial electromagnets 104. 

[0129] The pulse control circuit 407 determines pulse 
width time Tp1 and Tp2 of pulses to be generated within 
a control cycle Ts based on a current error signal out- 
putted from the current error computing unit 205 in order 
to increase or decrease the electromagnet current iL. 
The pulse control circuit 407 then outputs gate drive sig- 
nals having the pulse width time Tp1 or Tp2 to a gate 
terminal of the transistor 41 1 , to thereby switch on or off 
the transistor 411. 

[0130] The control device 400 in FIG. 1 has an Inter- 
mediate-voltage maintaining circuit 451, which is pro- 
vided for the common node R, in addition to the mag- 
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netic bearing control circuit 401 described above. 
[0131 J The intermediate-voltage maintaining circuit 
451 has a command value setting circuit 453, which re- 
ceives a setting signal for determining the electric po- 
tential (volt) of the common node R. Based on the setting 
signal inputted, the command value setting circuit 453 
outputs a vollage value necessary for the common node 
R (hereinafter referred to as voltage command value) to 
a voltage error computing unit 455. 
[0132] The voltage error computing unit 455 calcu- 
lates an error between the voltage command value out- 
putted from the command value setting circuit 453 and 
a voltage value of the common node R (hereinafter re- 
ferred to as actual voltage value) (the error will herein- 
after be referred to as voltage error value). The actual 
voltage value of the common, node R is therefore sent 
to the voltage error computing unit 455 as it is. The volt- 
age error value is outputted as a voltage error signal 
from the voltage error computing unit 455 to a regulator 
control circuit 457. 

[0133] The regulator control circuit 457 is described 
along with a regulator circuit 460. 
[01 34] In FIG. 2, the common node R is connected to 
transistors 461 and 462 and diodes 465 and 466 through 
a choking coil 471 and through a regulator current de- 
tecting circuit 472 in the order stated (the connection 
node of the transistor 461 or the like will hereinafter be 
called as a node T). 

[0135] The transistors 461 and 462 are N type power 
MOSFETs similar to the transistor 411. The transistor 
461 has at one end a drain terminal 461 a connected to 
the node T and has at the other end a source terminal 
461b connected to the negative, electrode 221b (the 
same electrode that is In the amplifier circuit 410). The 
transistor 462 has at one end a drain terminal 462a con- 
nected to the positive electrode 221a (the same elec- 
trode that is in.the, amplifier circuit 410) and has at the 
other end a source terminal 462b connected to the node 
T. 

[0136] The diode 465 has a cathode terminal 465a 
connected to the node T and has an anode terminal 
'465b connected to the negative electrode 221 b. The di- 
ode 466 has a cathode terminal 466a connected to the 
positive electrode 221a and has an anode terminal 4 
66b connected to the node T. 

[01 37] The choking coil 471 is an element provided to 
avoid direct transmission of fluctuation of the node T 
which is caused by a rapid increase or decrease of a 
current from the transistors 461 and 462 (in other words, 
noise accompanying ripple current orthe like generated 
from the regulator circuit 460) to the common node R. 
[01 38] The regulator current detecting circuit 472 con- 
nected to the node T detects a current flowing from the 
regulator circuit 460 to the common node R. With the 
regulator current detecting circuit 472 detecting a cur- 
rent flowing from the regulator circuit 460, the turbo mo- 
lecular pump can be protected against total breakdown 
when breakage of the transistor 411 , the diode 415, or 



others causes an increased current flow in the chokinq 
coil 471. 

[0139] For satisfactory transfer of a voltage Vh of the 
positive electrode 221a, the voltage applied to a gate 
5 terminal of the transistor 462 Is desirably equal to or larg- 
. er than the vollage Vh. The vollage Vh is satisfactorily 
transferred by, for example, inputting a signal from a reg- 
ulator drive signal of the regulator control circuit 457 to 
the gate terminal of the transistor 462 through a simple 
10 boost circuit. 

[0140] . The common node R, which connects the one 
ond of the electromagnet coil 1 51 and the regulator cir- 
cuit 460 to each other, constitutes the cable 1 70, which 
interconnects the control device 400 and the turbo mo- 
* 5 iecular pump main body 300, since the regulator circuit 
460'te a circuit of the control device 400. 
[0141 ] The regulator control circuit 457 determines, in 
accordance with a voltage error signal outputted from 
the voltage error computing unit 455, how long the node 
20 T is to be connected to the positive electrode 221 a or to 
the negative electrode 221b in order to keep the com- 
mon node R at a given intermediate voltage Vc. When 
determining the time period, control by the regulator 
control circuit 457 is based solely on the voltage error 
25 signal outputted from the voltage error computing unit 
455 and nothing else. The regulator control circuit 457 
then outputs a regulator drive signal to a gate terminal 
of the transistor 461 and to the gate terminal of the tran- 
sistor 462 to switch on or off the transistors 461 and 462. 
30 [0142] The intermediate voltage Vc at which the reg- 
ulator circuit 460 is kept is desirably half the sum of the 
voltage of the positive electrode 221a (the voltage Vh) 
ancj the voltage of the negative electrode 221b (a volt- 
age VI), namely, (Vh + VI)/2. 
35 [0143] In -this structure, when an electromagnet cur- 
rent ILA is to be increased in an amplifier circuit 41 OA 
provided for an electromagnet coil 151 A (the suffix A is 
added in order to discriminate a particular electromag- 
net coll and its amplifier circuit frorn other electromagnet 
40 coils and their amplifier circuits. The same rule applies 
to the following description), a transistor 411 A within one 
control cycle Ts, as shown in FIG. 4, is kept turned on 
for a time period corresponding to a pulse width time 
Tp1 A and is kept turned off for a time period correspond- 
*5 ing to a pulse width time Tp2A. 

[0144] While the transistor 41 1 A Is kept turned on, the 
electromagnet current IL flowing from the common node 
R (which is assumed to maintain the intermediate volt- 
age Vc) to the negative electrode 221 b through the elec- 
ta tromagnet coil 151 and the transistor 41 1 A is supplied 
to the electromagnet coil 1 51 . On the other hand, while 
the transistor 41 1 A is kept turned off, the electromagnet 
current iL regenerated from the common node R to the 
positive electrode 221a in the amplifier circuit 41 OA 
55 through the electromagnet coil 151 , the node S, and a 
diode 41 5A is supplied to the electromagnet coil 151. 
[0145] Therefore, the electromagnet current iLA with- 
in one control cycle Ts is increased by setting the pulse 
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width time Tp1 A longer than the pulse width time Tp2A. 
[01 46] This is all reversed in the case where an elec- 
tromagnet current iLB (the suffix B is added) is to be 
decreased in an amplifier circuit 41 OB provided for an- 
other electromagnet coil 151B. The electromagnet cur- 
rent iLB within one control cycle Ts is decreased by set- 
ting a pulse width lime Tp2B longer than a pulse width 
time Tp1 B. 

[01 47] In the case where the electromagnet current iL 
is increased or decreased within a certain control cycle 
Ts only in the amplifier circuits 41 OA and 41 OB. the reg- 
ulator circuit 460 is controlled as follows: 
[01 48] A total electromagnet current iLtot, which is the 
sum of the electromagnet currents iLA and iLB flowing 
in the amplifier circuits 41 OA and 41 OB, makes the volt- 
age of the common node Slower than the intermediate- 
voltage Vc. The voltage value of the common node R is 
sent to the voltage error computing unit 455, which then 
outputs to the regulator control circuit 457 a voltage error 
signal that instructs the regulator control circuit 457 to 
raise the voltage of the common node R. Upon receiving 
the signal, the regulator control circuit 457 turns the tran- 
sistor 4 62 connected to the positive electrode 221 a on, 
thereby raising the voltage of the common node R. The 
transistor 461 is kept turned off during this period. 
[0149] On the other hand, when the voltage of the 
common node R is equal to or larger than the interme- 
diate voltage Vc, the transistor 462 is turned off. 
[0150] The regulator circuit 460 is controlled in this 
manner irrespective of the number of the amplifier cir- 
cuits 410. 

[0151] An increase or decrease of the electromagnet 
current IL can thus be controlled through proper control 
of the total electromagnet current ILtot In the regulator 
circuit 460 even when the amplifier circuit 410 is com- 
posed of one transistor 411 and one diode 415. 
[01 52] With the elements that constitute the amplifier 
circuit 410 reduced in number, the control device 400 
can be reduced in size. The control device 400 theref ore 
does not take up much space when installed in a clean 
room or the like, and requires less cost to install. 
[01 53] Moreover, the control device 400 having fewer 
elements is less likely to malfunction and, furthermore, 
consumes less power and generates less heat 
[0154] In addition, the only wire that connects the am- 
plifier circuit 41 0 and the other end of the electromagnet 
coil 151 to each other is the node S, there are only ten 
wires that serve as the node S in the case of a 5-axis 
control magnetic bearing. Wiring of the common node 
R too involves only one wire that extends from the turbo 
molecular pump main body 300 to the regulator circuit 
460, which makes the total number of wires that inter- 
connect the control device 400 and the electromagnets 
eleven. 

[0155] Therefore, the cost of the cable 170 can be 
lowered. 

[0156] With the number of wires that constitute the ca- 
ble 1 70 reduced, the cable 1 70 can be reduced in diam- 
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eter and accordingly a connector serving as an en- 
trance and an exit of the turbo molecular pump main 
body 300 can be reduced in size. As a result, the cost 
of the connector can be lowered. 

3 [0157] Furthermore, the downsized control device 
400 makes il possfole to incorporate the functions of the 
control device 400 In the turbo molecular pump main 
body 300 with ease. This means that the control device 
400 and the turbo molecular pump main body 300 can 

10 be integrated into one eliminating the need for the cable 
1 70 and the connector which interconnect the control 
device 400 and the turbo molecular pump main body 
300. Therefore, less cost is required to manufacture and 
install the turbo molecular pump. 

15 [0158] Although the transistor 462 of the regulator cir- 
cuit 460 is an N type power MOSFET in this embodi- 
ment, the present invention is not limited thereto. The 
transistor 462 may be a P type power MOSFET. In this 
case, there is no need to provide the transistor 462 with 

20 a boost circuit or the like that drives the gate terminal of 
the transistor 462. The phase of a gate drive signal in- 
putted to the P type power MOSFET serving as the tran- 
sistor 462 is opposite to the gate drive signal phase of 
when an N type power MOSFET is employed for the 

25 transistor 462. 

[01 59] In this embodiment, the regulator control circuit 
457 controls the regulator circuit 460 based solely on a 
voltage error signal outputted from the voltage error 
computing unit 455 and nothing else (in other words, the 

30 transistors 461 and 462 are turned on or off in accord- 
ance with the result of comparison between the voltage 
of the common node R and the intermediate voltage Vc 
alone). However, the present invention is not limited 
thereto and the regulator circuit 460 may be controlled 

55 by PWM control at a given cycle. 

[0160] In this case, the regulator control circuit 457 of 
the intermediate-voltage maintaining circuit 451 in FIG. 
1 receives a carrier wave (not shown in the drawing) : 
having a given cycle Tr (hereinafter referred to as control 

40 cycle Tr). The regulator control circuit 457 controls the 
pulse width of a regulator drive signal outputted to the 
transistors 461 land 462 within one control cycle Tr by 
PWM control. 

[0161] FIG..5 is a time chart showing control of the 
45 regulator circuit for when the voltage of the common 
node R Is to be raised in this structure. In FIG: 5. the 
positive direction of a current supplied from the regulator 
circuit (hereinafter referred to as regulator current iR) is 
from the node T to the common node R. 
so [0162] The transistors 461 and 462 of the regulator 
circuit 460 in FIG. 5 are turned on once for a given period 
of time within one control cycle Tr. The transistors 461 
and 462 are controlled so as not to be turned on or off 
at the same time. 
55 [0163] While the transistor 462 alone is kept turned 
on, the node T is connected to the positive electrode 
221a and a current flows from the positive electrode 
221 a to the common node R through the node T and the 
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choking coil 471, thereby increasing the regulator cur- 
rent IR. While the transistor 461 alone is kept turned on, 
the node T is connected to the negative electrode 221 b 
and a current flows from the common node R to the neg- 
ative electrode 221b through the choking coll 471 and s 
the node T, thereby decreasing the regulator current iR. 
[01 64J When the actual voltage value of the common 
node R Is considerably lower than the voltage command 
value, meaning that the voltage error is large, the time 
period in which the transistor 462 is kept turned on within io 
one control cycle Tr is set longer than the time period in 
which the transistor 461 is kept turned on within the con- 
trol cycle Tr in accordance with the voltage error. This 
makes the time period in which the regulator current iR 
is increased within the one control cycle Tr longer than is 
the period in which the regulator current iR is decreased^ 
within the control cycle Tr. As a result, the regulator cur- 
rent iR averaged over several control cycles (Tr) is in- 
creased for each additional control cycle Tr, thereby/ 
raising the voltage of the common node R. The reason 20 
why the transistor 461 on the side of the negative elec- 
trode 221b is turned on in the control cycle Tr despite 
the operation for raising the voltage of the common node 
R is that too rapid a raise in voltage of the common node 
R makes the gain of a feedback loop composed of the 25 
regulator circuit 460 and the regulator control circuit 457 
too large, which could induce oscillation of the system. 
[01 651 On the other hand, when the actual voltage val- 
ue of the common node R is slightly lower than the volt- 
age command value, meaning that the voltage error is 30 
small, the time period in which the transistor 462 is kept 
turned on within one control cycle Tr is set equivalent to 
the time period in which the transistor 461 Is kept turned 
on within the control cycle Tr In accordance with the volt- 
age error. This makes the regulator current iR averaged 35 
over several control cycles (Tr) substantially zero, caus- 
ing the voltage of the common node R to converge to- 
ward the intermediate voltage Vc. 
[0166] Although the regulator current iR averaged 
over several control cycles (Tr) is substantially zero in 40 
this case, there are an increase and decrease of the reg- 
ulator current iR in each control cycle Tr since one of 
the transistors 461 and 462 is always turned on during 
each control cycle Tr 

[01 67] In this way, the voltage of the common node R 45 
can be maintained at the intermediate voltage Vc also 
by performing PWM control over the regulator circuit 
460. 

[01 68] Described next is Embodiment 2 of the present 
invention. 50 
[01 69] A control device according to Embodiment 2 is 
a modification of the control device 400 of Embodiment 
1 and gives the amplifier circuit 41 0 a different structure. 
Therefore, a magnetic bearing control circuit and inter- 
mediate-voltage maintaining circuit in this embodiment 55 
are identical to the magnetic bearing control circuit 401 
and intermediate-voltage maintaining circuit 451 of Em- 
bodiment 1 except amplifier circuits. 



[0170] A circuit diagram of an amplifier circuit accord- 
ing to Embodiment 2 of the present invention is shown 
in FIG. 6. Components in FIG. 6 that are identical to 
those in FIGS. 2 and 1 6 are denoted by the same refer- 
ence symbols and descriptions thereof are omitted here. 
[0171] In FIG. 6, one end of the electromagnet coil 
151 is connected lo the common node R as in Embod- 
iment 1 . The other end of the electromagnet coil 151 is 
connected to a positive electrode 221a of a power 
source 221 through an electromagnet current detecting 
circuit 231 and through a transistor 511 as in Embodi- 
ment 1 . 

[0172] Similar to prior art, the transistor 511 is a so- 
called N type power MOS FET. The transistor 51 1 has at 
one end a drain terminal 51 1 a connected to the positive 
^electrode 224«-and has at the other end a source ter- 
minal 511b connected to the electromagnet current de- 
tecting circuit 231 . 

[0173] A diode 515 for current regeneration has a 
cathode terminal 51 5a connected to the source terminal 
511b of the transistor 511 and has an anode terminal 
515b connected to a negative electrode 221b. 
[0174] Similar to the transistor 462, the voltage ap- 
plied to a gate terminal of the transistor 511 is desirably 
equal to or larger than a voltage Vh of the positive elec- 
trode 221a for satisfactory transfer of the voltage Vh. 
The voltage Vh is satisfactorily transferred by, for exam- 
ple, inputting a signal from the pulse control circuit 407 
to the gate terminal of the transistor 511 through a sim- 
ple boost circuit. 

[0175] In addition, the amplifier circuit 510 structured 
as above is provided for each of the lower radial elec- 
tromagnets 105 and for the axial electromagnets 106A 
and 1 06B as In Embodiment 1 . 

[0176] In this structure, when the electromagnet cur- 
rent iL is to be increased In the amplifier circuit 510, the 
transistor 511 within one control cycle Ts is kept turned 
on for a time period corresponding to the pulse width 
time Tpt and is kept turned off for a time period corre- 
sponding to the pulse width time Tp2. 
[0177] While the transistor 511 is kept turned on, the 
electromagnet current iL flowing from the positive elec- 
trode 221 a to the common node R through the transistor 
511 and the electromagnet coil 151 is supplied to the 
electromagnet coil 1 51 . On the other hand, while a tran- 
sistor 511 is kept turned off, the electromagnet coil 151 
is supplied with the electromagnet current iL that is re- 
generated from the negative electrode 221b in the am- 
plifier circuit 51 0 to the common node R through the di- 
ode 515, the node S, and the electromagnet coil 151 . 
[0178] Therefore, the electromagnet current iL within 
one control cycle Ts is increased by setting the pulse 
width time Tp1 longer than the pulse width time Tp2. 
[0179] This is all reversed in the case where the elec- 
tromagnet current IL is to be decreased in the amplifier 
circuit 51 0. The electromagnet current iL within one con- 
trol cycle Ts is decreased by setting the pulse width time 
Tp2 longer than the pulse width time Tp1 . 
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[0180] The regulator circuit 460 of this embodiment 
which employs the amplifier circuit 51 0 controls the 
common node R in a manner mostly identical to Embod- 
iment 1. However, unlike the amplifier circuit 410, the 
amplifier circuit 510 affects the common node R to raise 
the electric potential of the common node R. 
[01 81 ] A total electromagnet current iLtot, which is the 
sum of electromagnet currents iLA and iLB flowing in 
amplifier circuits 51 OA and 51 OB, makes the voltage of 
the common node R higher than the intermediate volt- 
age Vc. The voltage value of the common node R is sent 
to the voltage error computing unit 455, which then out- 
puts to the regulator control circuit 457 a voltage error 
signal that instructs the regulator control circuit 457 to 
drop the voltage of the common node R. Upon receiving 
the signal, the regulator control circuit 457turns the tran- 
sistor 461 connected to the negative electrode 221b on, 
thereby dropping the voltage of the common node R. 
The transistor 462 is kept turned off during this period. 
[0182] On the other hand, when the voltage of the 
common node R is equal to or lower than the interme- 
diate voltage Vc, the transistor 461 is turned off. 
[0183] The regulator circuit 460 is controlled in this 
manner irrespective of the number of the amplifier cir- 
cuits 510. 

[01 84] The above-described control may be replaced 
by PWM control over the regulator circuit 460 as has 
been discussed in Embodiment 1 with reference to FIG. 
5. In this case also, a carrier wave having the control 
cycle Tr as one cycle is inputted to the regulator control 
circuit 457 of the intermediate-voltage maintaining cir- 
cuit 451 . 

[0185] FIG. 7 Is a time chart showing control of the . 
regulator circuit for when the voltage of the common 
node R is to be dropped <see FIG:. 5 for control for when 
the voltage of the common node R is to be raised). 
[01 86] As In FIG. 5, the transistors 461 and 462 of the 
regulator circuit 460 in FIG. 7 are turned on once for a 
given period of time within one control cycle Tr. 
[01 87] When the actual voltage value of tho common 
node R is considerably higher than the voltage com- 
mand value, meaning that the voltage error is large, the 
time period in which the transistor 461 is kept turned on 
within one control cycle Tr is set longer than the time 
period in which the transistor 462 is kept turned on within 
the control cycle Tr. This decreases the regulator current 
i R averaged over several control cycles (Tr) for each ad- 
ditional control cycle Tr, thereby dropping the voltage of 
the common node R. 

[01 88] On the other hand, when the actual voltage val- 
ue of the common node R Is slightly higher than the volt- 
age command value, meaning that the voltage error is 
small, the time period in which the transistor 462 is kept 
turned on within one control cycle is set equivalent to 
the time period In which the transistor 461 is kept turned 
on within the control cycle Tr. This makes the regulator 
current IR averaged over several control cycles (Tr) sub- 
stantially zero, causing the voltage of the common node 



R to converge toward the intermediate voltage Vc. 
[0189] The regulator circuit 460 thus maintains the 
voltage of the common node R by detecting the voltage. 
The regulator circuit 460 can therefore be controlled in 
5 the same manner irrespective of the load structure, 
whether the load is the amplifier circuit 410 (FIG. 2) of 
Embodiment 1 or the amplifier circuit 51 0 (FIG. 6) of this 
embodiment. This enables Embodiment 2 to employ the 
same regulator circuit 460 that is used in Embodiment 1 . 
10 [0190] This embodiment can increase or decrease 
the electromagnet current iL only with one transistor 511 
and one diode 51 5 as docs Embodiment 1 , despite the 
amplifier circuit 510 being structured as shown in FIG. 
6, differently from the amplifier circuit 410. Therefore, a 
r5 circuit structure that is easy to design can be chosen in 
•-designing an amplifier circuit and a circuit that is easy 
to control can be chosen in controlling the amplifier cir- 
cuit. 

[0191] Although the transistor 511 of the amplifier cir- 
20 cuit 510 is an N type power MOSFET in this embodi- 
ment, the present invention is not limited thereto. The 
transistor 511 may be a P type power MOSFET similar 
to the transistor 462. In this case, there is no need to 
provide the transistor 511 with a boost circuit or the like 
25 that drives the gate terminal of the transistor 511 . The 
phase of a gate drive signal inputted to the P type power 
MOSFET serving as the transistor 51 1 is opposite to the 
gate drive signal phase of when an N type power MOS- 
FET is employed for the transistor 51 1 . 
30 [0192] Described next is Embodiment 3 of the present 
invention. 

[0193] A control device according to Embodiment 3 is 
a modification of the control device 400 of Embodiment 
1 or the control device of Embodiment 2 and gives the 
35 amplifier circuit 41 0 or 51 0 a different structure. There- 
fore, a magnetic bearing control circuit and intermedi- 
ate-voltage maintaining ctrcigt in this Embodiment are 
identical to the magnetic bearing control circuit 401 and 
intermediate-voltage maintaining circuit 451 of Embod- 
40 iment 1 , or the magnetic bearing control circuit and in- 
termediate-voltage maintaining circuit of Embodiment 2, 
except amplifier circuits. 

[0194] A circuit diagram of amplifier circuits according 
to Embodiment 3 of the present invention is shown in 

45 JtIG. 8. Components In FIG. 8 that are identical to those 
" in FIGS. 1 , 2, and 1 6 are denoted by the same reference 
symbols and descriptions thereof are omitted here. FIG. 
8 also shows electromagnet coils 151 A, 151B, 151C ... 
(hereinafter, amplifier circuits and other components 

so provided for the electromagnet coils 151 A, 151B, 
151C ... are denoted by reference symbols with the suf- 
fixes A, B, C ...) which constitute the upper radial elec- 
tromagnets 104, the lower radial electromagnets 105, 
and other electromagnets. 

55 [0195] In FIG. 8, an amplifier circuit 61 OA provided for 
the electromagnet coil 151 A has a transistor 611 A and 
a diode 61 5A V which are identical in structure to the tran- 
sistor 41 1 and the diode 41 5 of Embodiment 1 . The tran- 
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sistor 611 A and the diode 61 5A are connected in the 
same way the transistor 41 1 and the diode 41 5 are con- 
nected in the amplifier circuit 41 0. 
[0196] In contrast to the amplifier circuit 610A, an am- 
plifier circuit 61 OB provided for the electromagnet coil s 
151 B which is different from the electromagnet coil 151 A 
has a transistor 61 1 B and a diode 61 5B, which are iden- 
tical in structure to the transistor 511 and the diode515 
of Embodiment 2. The transistor 61 1B and the diode 
61 5B are connected in the same way the transistor 511 io 
and the diode 515 are connected in the amplifier circuit 
510, 

[0197] An amplifier circuit 61 0C provided for the elec- 
tromagnet coil 151C which is different from the electro- 
magnet coils 151 A and 151 B is similar to the amplifier is 
circuit 61 OA and is structured as^ described in Embody 
mentl. 

[0198] In this embodiment, the amplifier circuits 61 OA, 
61 OB, 61 OC ... provided for different electromagnets are 
thus divided into two groups: one having the same struc- 20 
ture as Embodiment 1 (the amplifier circuit 41 0) and the 
other having the same structure as Embodiment 2 (the 
amplifier circuit 510). 

[01 99] In order to give a specific example of how the 
amplifier circuits are divided into groups, a description 25 
is given on the relation between the electromagnets 
104X+ and 104X- in the upper radial electromagnets 
104 and the electromagnets 105X+ and 105X- in the 
lower radial electromagnets 1 05. 

[0200] For instance, to control the position of the en- 30 
tire rotor 1 03 in the + direction of the X axis, the electro- 
magnet current IL flowing in the electromagnets 104X+ 
and 1 05X+ is increased whereas the electromagnet cur- 
rent IL flowing in the electromagnets 104X- and 105X- 
is decreased. On the other hand, to control the position 35 
of the entire rotor 1 03 in the - direction of the X axis, the 
electromagnet current iL flowing in the electromagnets 
104X+ and 105X+ is decreased whereas the electro- 
magnet current iL flowing in the electromagnets 104X- 
and 105X- is increased. 40 
[0201] As described, it is often that the upper radial 
electromagnets 104 and the lower radial electromag- 
nets 1 05 are almost similarly controlled in the X axis di- 
rection for positional control of the rotor 103. 
An increase in electromagnet current iL flowing in the 45 
upper radial electromagnets 104 (the electromagnet 
104X4, for example) therefore tends to cause an in- 
crease In electromagnet current iL flowing in the lower 
radial electromagnets 105 (electromagnet 105X+). Ac- 
cordingly, if the electromagnets 104X+ and 104X- are so 
put in one group whereas the electromagnets 105X+ 
and 1 05X- are putin anotherqroup, a current flows from 
the positive electrode 221a to the common node R in 
the lower radial electromagnets 105 when a current 
flows from the common node R to the negative electrode ss 
2Z\\> in the upper radial electromagnets 104. Thus, the 
total electromagnet current ILtot necessary to keep the 
common node R at the intermediate voltage Vc can be 



decreased. 

[0202] This applies also to the relation between the 
rest of the upper radial electromagnets 104 and the rest 
of the lower radial electromagnets 1 05, and it is there- 
fore desirable to put the upper radial electromagnets 
1 04 Y+ and 104Y- in one group whereas the.lower radial 
electromagnets 105Y+ and 105Y- in another group. 
[0203] As to the relation between the electromagnet 
104X+ and electromagnet 104X- of the upper radial 
electromagnets 104, for example, the electromagnet 
current iL flowing In the electromagnet 104X+ tends to 
increase whilo the electromagnet current iL flowing in 
the electromagnet 1 04X- decreases to control the posi- 
tion of the rotor 103 in the + direction along the X axis. 
The electromagnets 104X+ and.1 04X- are therefore de- 
sirably puWn the same group. This applies to the rest of 
the electromagnets which are desirably divided into 
groups as follows: the electromagnets 104Y+ and 
104Y-: the electromagnets 105X+ and 105X- of the low- 
er radial electromagnets; the electromagnets 105Y+ 
and 105Y- of the lower radial electromagnets; and the 
axial electromagnets 1 06A and 1 06B. 
[0204] In this structure, the amplifier circuit 61 OA and 
other amplifier circuits having the structure of Embodi- 
ment 1 control the electromagnet current iL in the same 
way as in Embodiment 1, and the amplifier circuit 610B 
and other amplifier circuits having the structure of Em- 
bodiment 2 control the electromagnet current iL in the 
same way as in Embodiment 2. 
[0205] The regulator circuit 460 maintains the voltage 
of the common node R by detecting the voltage as in 
Embodiment 1 and Embodiment 2. Therefore, basically, 
the regulator circuit 460 Is controlled in the same way 
as in Embodiments 1 and 2. The difference from Em- 
bodiments 1 and 2 is that the transistors 461 and 462 
are turned on or off almost at the same time so that the 
group of the amplifier circuits including the'amplifier cir- 
cuit 61 OA work to drop the voltage of the common node 
R whereas the group of the amplifier circuits including 
the amplifier circuit 61 OB work to raise the voltage of trVe 
common node R. 

[0206] This embodiment is also similar to Embodi- 
ments 1 and 2 in that the regulator circuit 460 can be 
controlled by PWM control except that the operation of 
raising the voltage of the common node R (FIG. 5) and 
the operation of dropping the voltage of the common 
node R (FIG. 7) are carried out appropriately. 
[0207] Thus, the effects of Embodiments 1 and 2 can 
be obtained also when the employed amplifier circuit 
structure is different from those in Embodiments 1 and 2. 
[0208] Furthermore, dividing electromagnets into 
groups appropriately makes it possible to decrease the 
total electromagnet current ILtot necessary to keep the 
common node R at the intermediate voltage Vc. There- 
fore, the transistors 461 and 462 that constitute the reg- 
ulator circuit 4 60 can be downsized and accordingly the 
control device can further be reduced in size. 
[0209] Described next is Embodiment 4 of the present 
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invention. 

[0210] The electromagnet current detecting circuit 
231 used in Embodiment 1 (FIG. 2) is not directly con- 
nected to the negative electrode 221b (in other words, 
near the common node R) , and receives high voltage 
(about the level of the intermediate voltage Vc) upon 
turning off of the transistor 41 1 and other circumstances 
in the amplifier circuit 410 of Embodiment 1. For that 
reason, in some cases, the electromagnet current de- 
tecting circuit 231 having the differential amplifier 237 
as shown in FIG. 3 magnifies the offset voltage and al- 
lows noiso to overlap, thereby making it difficult to detect 
the electromagnet current iL with high precision. This 
necessitates the use of a highly precise differential am- 
plifier or a non-contact type hole sensor serving as a 
.. current sensor f or^accurate detection of the electromag-, 
net current iL, and the cost of pans is increased in some 
cases. 

[0211] An, amplifier circuit of Embodiments solves 
this problem by changing the structure of the electro- 
magnet current detecting circuit 231 that is used in the 
amplifier circuit of Embodiment 1 such that one end of 
the electromagnet current detecting circuit 231 is con- 
nected to the negative electrode 221 b. 
[021 2] A circuit diagram of the amplifier circuit accord- • 
ing to Embodiment 4 is shown In FIG. 9. The description 
of this embodiment is based on the structure of Embod- 
iment 3 (FIG. 8), but it could be based on the structures 
of Embodiments 1 and 2 (FIG. 2 and FIG. 6) instead. 
[0213] In FIG. 9, where amplifier circuits 81 OA and 
81 OC are structured as described in Embodiment 1 , the 
electromagnet current detecting circuit 231 A connected 
In series between the electromagnet coil 151 A and the 
transistor 611 A in FIG. 8 is replaced by an electromag- 
net current delecting circuit 831 A connected in series 
between the transistor 61 1 A and the negative electrode 
221b, while the electromagnet current detecting circuit 
231 C connected in series between the electromagnet 
coil 151C and the transistor 611C in FIG. 8 is replaced 
by an electromagnet current detecting circuit 831 C con- 
nected in series between the transistor 61 1C and the 
. negative electrode 221 b. 

[021 4] An amplifier circuit 81 0B t on the other hand, is 
structured as described in Embodiment 2, but has an 
electromagnet current detecting circuit 831 B connected, 
in series between the diode 61 5B and the negative elec- 
trode 221 b instead of the electromagnet cun-ent detect- 
ing circuit 231 B connected in series between the elec- 
tromagnet coil 151B and the transistor 611 B in FIG. 8. 
[0215] Each of the electromagnet current detecting 
circuits 831 A, 831 B, and 831 C has a detection resistor 

832 which is connected at one end to the negative elec- 
trode 221 b and at the other end to the transistor 611 A, 
the diode 615B, or the transistor 611 C. Each detection 
resistor 832 is provided, at the other end, with a detector 

833 for detecting the electromagnet current iL from the 
voltage of the detection resistor 832 by flowing a current 
in the detection resistor 832. The detector 833 outputs 



an electromagnet current detection signal. 
[021 6] A portion of the positive electrode 221 a of the 
power source 221 that is near the stabilizing capacitor 
423a is provided with a power source protecting circuit 
s 841 which is composed of a detection resistor 842 con- 
nected in series to a power source line of the positive 
electrode 221 a, and a detector 843 for detecting an elec- 
tric potential difference between the ends of the detec- 
tion resistor 842. The power source protecting circuit 
10 841 prevents an excessive current from flowing into the 
amplifier circuit 81 OA and others. 
[0217] In this structure, the electromagnet current iL 
in the amplifier circuits 81 OA and 81 OC flows from the 
common node R to the negative electrode 221b when 
15 the transistors 611 A and 61 1C are turned on as in Em- 
bodiment 1. When the transistors 611 A and 61 1C are 
turned off, the electromagnet current iL in the amplifier 
circuits 81 OA and 81 0C flows from the common node R 
to the positive electrode 221a. A current therefore flows 
20 in the electromagnet current detecting circuits 831 A and 
831 C when the transistors 611 A and 61 1C are turned 
on, and the electromagnet current iL is detected at this - 
point. In the amplifier circuit 81 0B, the electromagnet 
current iL flows from the positive electrode 221 a to the 
25 common node R when the transistor 61 1 B is turned on 
as in Embodiment 2. When the transistor 611 Bis turned 
off, the electromagnet current iL in the amplifier circuit 
81 0B flows from the negative electrode 221 b to the com- 
mon node R. A regenerated current therefore flows in 
30 the electromagnet cun-ent detecting circuit 831 B when 
the transistor 611 B is turned off, and the electromagnet 
current iL is detected at this point. The relations de- 
scribed above are shown In FIG. 10. 
[021 8] The relations shown In FIG. 1 0 indicate that the 
33 direction of the electromagnet current iL detectedby the 
electromagnet current detecting circuits 831 A and 831 C 
and the direction of tftp electromagnet current iL detect- 
ed by the electromagnet current detecting circuit 831 B 
are opposite to each other. 
40 [0219] In this embodiment, the time period during 
which each electromagnet current detecting circuit 
831 A, 831 B, and 831C can detect the electromagnet 
current iL amounts to merely half the control cycle Ts. 
However, there is no need for the electromagnet current 
^5 detecting circuits to detect the electromagnet current iL 
constantly since once in the control cycle Ts is enough 
for correct control. 

[0220] Thus the electromagnet current detecting cir- 
cuits 831 A, 831 B, and 831 C, which are structured dif- 

50 ferentfy from Embodiment 1 and other embodiments, 
too are capable of detecting the electromagnet current 
iL and the amplifier circuits 81 OA, 81 OB, and 81 OC are 
controlled based on the detection results. 
[0221] The electromagnet current detecting circuits 

55 831 A, 831 B, and 831C of this embodiment each have 
the detection resistor 832, which is connected at one 
end to the negative electrode 221b and whose voltage 
of the other end is inputted to the detector 833, and 
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therefore constant input of high voltage to the detector 
833 is avoided unlike the electromagnet current detect- 
ing circuit 231 of Embodiment 1 to which high voltage is 
inputted upon turning off of the transistor 411 and other 
circumstances, making It difficult to detect the electro- 
magnet current iL with high precision in some cases. 
Since this prevents the detector 833 from developing an 
offset voltage, noise is avoided and accurate detection 
of the electromagnet current iL is made possible. With 
the need to use a highly precise differential amplifier and 
an expensive hole sensor serving as a current sensor 
thus eliminated, the electromagnet current detecting cir- 
cuit 831 can have a simple structure and parts cost can 
be towered. 

[0222] Described next is Embodiment 5 of the present 
invention.- - --*" ■ 

[0223] A control device according to Embodiment 5 is 
a modification of the control device of Embodiment 1 or 
other embodiments, and controls the regulator circuit 

460 in a different manner. « 

[0224] A circuit diagram of an amplifier circu it accord- 
ing to Embodiment 5 is shown in FIG. 11. The descrip- 
tion of this embodiment is based on the structure of Em- 
bodiment 4 (FIG. 9), but it could be based on the struc- 
tures of Embodiments 1, 2, and 3 (FIG. 2, FIG. 6, and 
FIG. 8) instead. This embodiment deals with as an ex- 
ample a case of pert orming PWM control on a regulator 
circuit as shown in FIGS. 5 and 7. 
[0225] In FIG. 11, a regulator circuit 960 has a regu- 
lator current detecting circuit 972 between the node T 
and the choking coil 471 . The regulator current detecting 
circuit 972 has the function of the regulator current de- 
tecting circuit 472 according to Embodiment 1 or other 
embodiments, namely, the function of protecting the tur- 
bo molecular pump. Another function of the regulator 
current detecting circuit 972 is to output a regulator cur- 
rent detection signal, which indicates the value of the 
regulator current iR detected by the regulator current de- 
tecting circuit 972, to a regulator control circuit 957. . 
[0226] The regulator control circuit 957 also receives 
an error between the actual voltage value of the com- 
mon node R and the voltage command value (a voltage 
error signal) which Is calculated and sent by the voltage 
error computing unit 455 shown in FIG. 1. Based on the 
regulator current iR value and the voltage error, the reg- 
ulator control circuit 957 performs current mode control. 
[0227] The current mode control according to this em- 
bodiment refers to control exerted by the regulator con- 
trol circuit 957 in which a limit IRL of the regulator current 
iR supplied from the regulator circuit 960 (the positive 
side limit is denoted by +IRL and the negative side limit 
is denoted by -iRL) is changed in accordance with the 
error between the voltage command value for the com- 
mon node R and the actual voltage value of the common 
node R and, if the regulator current IR exceeds the limit 
IRL, output of a regulator drive signal to the transistors 

461 and 462 Is stopped. The regulator control circuit 957 
sets the limit IRL high when the error between the volt- 



age command value and the actual voltage value is 
large and, when the voltage error is small, sets the limit 

iRL of the regulator current iR low. 

[0228] FIG. 12 is a time chart showing how the regu- 
s lator circuit is controlled to raise the voltage of the com- 
mon node R by the current mode control in this structure. 
[0229] In FIG. 1 2, the transistor 462 connected to the 
positive electrode 221a in the regulator circuit 960 is 
turned on once for a given period of time within one con- 

10 trol cycle Tr. In contrast to the transistor 462, the tran- 
sistor 461 connected to the negative electrode 221b is 
kept turned off during the control cycle Tr. 
[0230] While the transistor 462 is kept turned on, the 
node T is connected to the positive electrode 221a and 

15 the regulator current iR is increased. When the transis- 
tor 462 is turned off to join the transistor 461 which has 
been kept turned off, a regenerated current flows from 
the negative electrode 221b to the commorf node R 
through the diode 465 and therefore the regulator cur- 

20 rent iR is decreased. 

[0231] In this embodiment, the regulator current iR is 
decreased by using a regenerated current fiowing 
through the diode 465 instead of turning the transistor 
461 on as described in FIG. 5. 

25 The regulator current iR in this embodiment can be de- 
creased at the same level as in Fig. 5, regardless of the 
differences in the way of control. This is made possible 
by equivalently adjusting the forward resistance of the 
diode 465 and the on resistance of the transistor 461 , 

30 thus the amount of the regulator current iR flowing in the 
diode 465 can be equivalent to the amount of the regu- 
lator current iR flowing In the transistor 461 . 
[0232] In this regulator circuit 960, when the actual 
voltage value of the common node R is considerably 

35 lower than the voltage command value, meaning that 
the voltage error is large, the time period in which the 
transistor 462 is kept turned orf witfiin one control cycle 
Tr is set longer than half the control cycle Tr in accord- 
ance with the voltage error. This makes the time period 

40 in which the regulator current iR is increased Within the 
one control cycle Tr longer than the period in which the 
regulator current IR is decreased within the control cycle 
Tr. As a result, the regulator current iR averaged over 
several control cycles (Tr) is increased for each addi- 

45 tional control cycle Tr, thereby raising the voltage of the 
common node R. 

[0233] In this case, since the error between the volt- 
age command value and the actual voltage value is 
large, the regulator control circuit 957 sets the limit +iRL 

so of the regulator current IR sufficiently high according to 
the current mode control. With the limit +IRL set high in 
this way, it is not often that the regulator current iR sup- 
plied from the regulator circuit 960 actually exceeds the 
limit +iRL and the limit +IRL does not influence control 

55 of the regulator circuit 960. 

[0234] Thus the time chart in this case is substantially 
identical to FIG. 5. 

[0235] On the other hand, when the actual voltage val- 
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ue of the common node R is slightly lower than the volt- 
age command value, meaning that the voltage error is 
small, the transistor 462 is kept turned on only for a brief 
period (in other words, the duty of a pulse outputted to 
the transistor 462 is small) . When the error between the 
voltage command value and the actual voltage value is 
small, the regulator control circuit 957 sets the limit +iRL 
of the regulator current iR low according to the current 
mode control. The transistor 462 is immediately turned 
off if the regulator current controlling circuit 957 judges 
that the regulator current iR detected by the regulator 
current detecting circuit 972 exceeds the limit +iRL. 
[0236] Since the regulator current iR increases only 
for a brief period during which the transistor 462 is kept 
turned on, the voltage of the common node R is raised 
only slightly at a time. -»-~ • 

[0237] Although, in this embodiment, the regulator 
current iR is decreased when the transistor 462 is turned 
off and the regenerated current flows through the diode 
465, the regulator current iR is prevented from being a 
negative current since the transistor 461 is not turned 
on. 

[0238] FIG. 13 is a time chart showing how the regu- 
lator circuit is controlled to drop the voltage of the com- 
mon node R by the current mode control. 
[0239] In FIG. 1 3. the transistor 461 connected to the 
negative electrode 221 b in the regulator circuit 960 is 
turned on once for a given period of time within one con- 
trol cycle Tr. If the period during which the transistor 461 
is kept turned on is half the control cycle Tr or less, the 
transistor 461 is turned on after the first half of the con- 
trol cycle Tr has elapsed. If the period during which the 
transistor 461 Is kept turned on is longer than half the 
control cycle Tr, the transistor 461 is turned on at some 
point in the first half of the control cycle Tr. In contrast 
to the transistor 461 , the transistor 462 connected to the 
positive electrode 221 a is kept turned off during the con- 
trol cycle Tr. 

[0240] While the transistor 461 is kept turned on, the 
node T is connected to the negative electrode 221b and 
the regulator current iR is decreased. When the transis- 
tor 461 is turned off, a regenerated current flows through 
the diode 466 and therefore the regulator current iR is 
increased. 

[0241 J By setting the period in which the transistor 461 
is kept turned on within one control cycle Tr longer than 
half the control cycle Tr when the actual voltage value 
of the common node R is considerably higher than the 
voltage command value and the voltage error is large, 
the regulator current iR averaged over several control 
cycles (T r) is decreased for each additional control cycle 
Tr, thereby dropping the voltage of the common node R. 
[0242] In this case, since the error between the volt- 
age command value and the actual voltage value is 
large, the absolute value of the limit -iRL of the regulator « 
current iR is set sufficiently high according to the current 
mode control. The limit -IRL set high does not Influence . 
control of the regulator circuit 960, and thus the time 



chart in this case is substantially identical to FIG. 7. 
[0243] On the other hand, when the actual voltage val- 
ue of the common node R is slightly higher than the volt- 
age command value, meaning that the voltage error is 
small, the transistor 461 Is kept turned on only for a brief 
period. This is because, as descrfoed above, the regu- 
lator control circuit 957 sets the limit -iRL of the regulator 
current iR low according to the current mode control and 
the transistor 461 is turned off promptly. 
[0244] Since the regulator current iR decreases only 
for a brief period during which the transistor 461 is kept 
turned on, tho voltage of the common node R is dropped 
only slightly at a time and converges toward the inter- 
mediate voltage Vc. 

[0245] Although the regulator current iR is increased 
when the transistor 461 is turned off and the regenerat- 
ed current flows through the diode 466, the regulator 
current iR is prevented from being a positive current 
since the transistor 462 is not turned on in this embod- 
iment. 

[0246] Thus the voltage of the common node R can 
be maintained at the intermediate voltage Vc through 
current mode control by raising and dropping the voltage 
of the common node R appropriately based on the reg- 
ulator current iR value and the voltage error. 
[0247] In the current control mode according to this 
embodiment, the limit iRL of the regulator current iR is 
set high when the error between the voltage command 
value and the actual voltage value is large, so that there 
is little fear of the limit iRL influencing control of the reg- 
ulator circuit 960. 

[0248] When the error between the voltage command 
value and the actual voltage value is small, In FIGS. 5 
and 7, one of the transistors 461 and 462 is always 
turned on during one control cycle Tr within which oc- 
curred is a large increase or decrease in regulator cur- 
rent iR, which although exhibits only a slight increase or 
decrease when averaged over several control cycles 
(Tr). On the other hand, in this embodiment, the current 
mode control sets the limit iRL of the regulator current 
iR low and the duty of an output pulse of a regulator drive 
signal is reduced to prevent the regulator current iR from 
exceeding the limit iRL. Furthermore, the regulator cur- 
rent iR does not become a negative current when the 
voltage of the common node R is raised and, when the 
voltage of the common node R is dropped, the regulator 
current iR does not become a positive current This 
makes it possible to reduce ripples of the regulator cur- 
rent iR when the error between the voltage command 
value and the actual voltage value is small. 
[0249] The current flowing in the transistors 461 and 
462, the choking coil 471 , and the stabilizing capacitors 
423a and 423b can thus be reduced and less heat is 
generated from these elements, which makes it possible 
to prolong the lifetime of the device . Consequently, 
parts cost is lowered and the reliability of the turbo mo- 
lecular pump can be Improved overall. 
[0250] In addition, ripples of the voltage of the com- 
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mon node R can be reduced, which makes It possible 
to reduce the volume of the stabilizing capacitors 423a 
and 423b. Thus, the control device can be downsized 
and the cost of installing the control device can be low- 
ered. 

[0251] As has been described; according to the 
present invention, the elements that constitute the am- 
plifier circuit for driving, through excitation, the electro- 
magnets can be reduced in number by using the first 
supply current flowing from the second positive elec- 
trode to the negative electrode and the first regenerated 
current regenerated from the second positive electrode 
to the first positive electrode for exciting and controlling 
the electromagnets and by using the second voltage 
generating/maintaining means to keep the second pos- 
itive electrode at th& seeond voltage: - 
[0252] In addition, since the electromagnets form at 
one end a common node and the common node is kept 
at the second voltage, the number of wires of the cable 
that interconnect the each electromagnet and the am- 
plifier circuit is reduced to lower the cost of manufactur- 
ing and installing the turbo molecular pump. 
[0253] Furthermore, with the electromagnet current 
detecting means detecting a current supply to the elec- 
tromagnets by using a resistor that is connected at one 
end to the negative electrode, the current can be detect- 
ed with high precision while avoiding input Of high volt- 
age to the electromagnet current detecting means. The 
electromagnet current detecting means can therefore 
have a simple structure and parts cost can be lowered. 
[0254] Moreover, since the current flowing between 
the regulator circuit and the one end of the each elec- 
tromagnet is controlled and prevented from exceeding 
a limit, ripples of the current flowing between the regu- 
lator circuit and the one end of the each electromagnet 
can be reduced by setting the limit appropriately. 

Claims 

1 . A magnetic bearing device, characterized by com- 
prising: 

a rotor (103); 

position control means (1 04, 1 05, 1 06A, 106B, 
1 51 , 1 07, 1 08. 1 09) for controlling a radial po- 
sition and/or an axial position of the rotor (103) 
by electromagnets (104, 105, 106A, 106B 
151); 

first voltage generating means (221) for gener- 
ating a first voltage between a first positive 
electrode and a negative electrode; 
second voltage generating/maintaining means 
(451, 460, 960) for generating a second volt- 
age, which is lower than the first voltage, be- 
tween a second positive electrode and the neg- 
ative electrode and maintaining the second 
voltage, the first and second positive elec- 
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trodes being different from each other; and 
first excitation control means (401 , 41 0, 61 OA, 
610C, B10A, 81 0C) for exciting and controlling 
the electromagnets (104, 105, 106A, 106B, 
1 51 ) by a first supply current supplied from the 
second positive electrode to the negative elec- 
trode and/or by a first regenerated current re- 
generated from the second positive electrode 
to the first positive electrode, and character- 
ized in that: 

the first excitation control means (401 ,410, 
61 0A 5 61 OC, 81 OA, 81 OC) includes: 

a first switch element (411, 611 A, 
61 1C) for connecting and disconnect- 
ing the first supply current; 
a first control circuit (407, 407A, 407C) 
for controlling connection and discon- 
nection of the first switch element (411, 
611 A, 611C);and 

a first rectifier element (415, 615A, 
61 5C) for causing the first regenerated 
current to flow in the direction of its re- 
generation. 

A magnetic bearing device, characterized by com- 
prising: 

a rotor (103); 

position control means (104, 105, 106A, 106B, 
151, 107, 108, 109) for controlling a radial po-' 
sltlon and/or an axial position of the rotor (103) 
by electromagnets (104, 105, 106A, 106B, 
151); 

first voltage generating means (221 ) for gener- 
ating a first voltage between a first positive 
electrode and a negative electrode; 
second voltage generating/maintaining means 
(451 , 460, 960) for generating a second volt- 
age, which is lower than the first voltage, be- 
tween a second positive electrode and the neg- 
ative electrode and maintaining the second 
voltage, the first and second positive elec- 
trodes being different from each other; and 
second excitation control means (401, 510, 
610B, 810B) for exciting and controlling the 
electromagnets (104, 105, 106A, 106B, 151) , 
by a second supply current supplied from the 
first positive electrode to the second positive 
electrode and/or by a second regenerated cur- 
rent regenerated from the negative electrode to 
the second positive electrode, and character- 
ized in that: 

the second excitation control means (401, 
510, 61 OB, 81 0B) Includes: 
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a second switch element (511, 61 1B) 
for connecting and disconnecting the 
second supply current; 
asecondcontrolcircuit (407, 407B) for 
controlling connection and disconnec- s 
lion of the second switch element (511, 
611B);and 

a second rectifier element (515, 61 5B) 
for causing the second regenerated 
current to flow in the direction of its re- 10 
generation. 

3. A magnetic bearing device, characterized by com- 
prising: 

15 

a rotor (103); - - , 

position control means (104, 105, 106A, 106B, 
1 51 , 1 07, 1 08, 1 09) for controlling a radial po- 
sition and/or an axial position of the rotor by a 
plurality of electromagnets (104, 105, 106A, 20 
106B. 151); 

first voltage generating means (221 ) for gener- 4. 
ating a first voltage between a first positive 
electrode and a negative electrode; 
second voltage generating/maintaining means 25 
(451 ; 460, 960) forgeneratinga secondvoltage, - 
which is lower than the first voltage, between a 
second positive electrode and the negative 
electrode and maintaining the second voltage, 
the first and second positive electrodes being so 
different from each other; 
first excitation control means (401 , 61 OA, 61 0C, 
81 OA, 81 0C) for exciting and controlling at least 
one of the plural electromagnets (104, 105, 
106A, 106B, 151) by one of a first supply cur- 35 5. 
rent supplied from the second positive elec- 
trode to the negative electrode and a first re- 
generated current regenerated from the sec- 
ond positive electrode to the first positive elec- 
trode; and 40 
secondexcitationcontrolmeans (401 , 61 0B, 
81 0B), forexciting and controlling at least one 
of the electromagnets (104, 105, 106A, 106B, 
1 51 ), excluding the one or more that are excited 
and controlled by the first excitation control *3 r 
means (401, 410. 610A, 610C, 810A, 810C), * 6. 
by one of a second supply current supplied from 
the first positive electrode to the second posi- 
tive electrode and a second regenerated cur- 
rent regenerated from the negative electrode to so 
the second positive electrode, characterized 
In that 

the first excitation control means (401, 61 OA, 
61 OC, 81 OA, 81 OC) includes: 

55 

a first switch element (61 1 A, 61 1 C) for con- 7. 
necting and disconnecting the first supply 
current; 



afirstcontrolcircuit (407A, 407C) for con- 
trolling connection and disconnection of 
the first switch element (611 A, 611C); and 
a first rectifier element (61 5A, 61 5C) for 
causing the first regenerated current to 
flow in the direction of its regeneration, and 
that the second excitation control means 
(401, 61 OB, 81 OB) includes: 

a second switch element (611 B) for 
connecting and disconnecting the sec- 
ond supply current; 
a second control circuit (407B) for con- 
trolling connection and disconnection 
of the second switch element (61 1B); 
and 

a second rectifier element (615B) for 
causing the second regenerated cur- 
rent to flow in the direction of its regen- 
eration. 

A magnetic bearing device according to Claim 3, 
characterized In that the electromagnets (104, 
1 05, 1 06A, 1 06B, 151) are divided into two groups, 
one excited and controlled by the first excitation 
control means (401 , 41 0, 61 OA, 61 OC, 81 OA, 81 OC) 
and the other excited and controlled by the second 
excitation control means (401, 510, 610B, 810B), 
so that the amount of current flowing from the first 
positive electrode to the second positive electrode 
and the amount of current flowing from the second 
positive electrode to the negative electrode are 
made equivalent to each other. 

A magnetic bearing device according to any one of 
Claims 1 to 4, characterized by further comprising: 

a resistor (832) connected at one end to the 
negative electrode; and 
electromagnet current detecting means (833) 
for detecting the value of a current supplied to 
and/or regenerated by the electromagnets 
(104,105, 106 A, 106B, 151) by flowing the cur- 
rent in the resistor (832). 

A magnetic bearing device according to any one of 
Claims 1 to 5, characterized in that the plural elec- 
tromagnets (1 04, 1 05, 1 06A, 1 06B, 1 51 ) are provid- 
ed, and that 

the each electromagnet (104, 105, 106A, 
106B, 151) forms at one end a common node (R), 
which is kept at the second voltage by the second 
voltage generating/maintaining means (451, 460, 
960). 

A magnetic bearing device according to Claim 6, 
characterized in that the second voltage generat- 
ing/maintaining means (451, 460, 960) includes: 
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a voltage error computing unit (455) for calcu- 
lating an error between the voltage of the one 
end of the each electromagnet (1 04, 1 05, 1 06A, 
106B, 151) and a voltage command value; and 
a regulator circuit (457, 460, 957, 960) for ad- 
justing Ihe second voltage in accordance with 
the error calculated by the voltage error com- 
puting unit(455). 

8. A magnetic bearing device according to Claim 6, 
characterized in that the second voltage generat- 
ing/maintaining means (451 , 960) has a regulator 
circuit (957, 960) for adjusting the second voltage, 
and that 

a current flow is controlled so that a current 
- flowing between the regulator circuit (957v 960) and 
the one end of the each electromagnet (104, 105, 
106A, 106B, 151) does not exceed a given limit. 

9. A magnetic bearing device according to Claim 8, 
characterized in that the limit is changed in ac- 
cordance with an error between the voltage of the 
one end of the each electromagnet (104, 1 05, 1 06A, 
106B, 151) and the voltage command value. 

10. A magnetic bearing device according to Claim 8 or 
9, characterized in that 



switch element (461). 

11. A turbo molecular pump comprising the magnetic 
bearing device according to any one of Claims 1 to 

s 1 o, characterized In that the rotor (1 03) has rotor 
blades (102) and a rotor shaft (113) placed at the 
center of the rotor blades (102), and that 

the position control means (104, 105, 106A, 
106B, 151, 107, 108, 109) levitates the rotor shaft 

10 (113) by a magnetic force. 

12. A turbo molecular pump according to Claim 11, 
characterized by further comprising: 

15 a turbo molecular pump main body (300) hav- 

ing at least the rotor (1 03)*md the position con- 
trol means (104, 105, 106A/ 106B, 151, 107, 
108, 109); and 

a control device (400) having at least one of the 
20 first excitation control means (401 , 41 0, 61 OA, 

61 0C, 81 OA, 810C) and the second excitation 
control means (401, 510, 61 0B, 81 0B), and 

characterized in that the turbo molecular pump 
25 main body (300) and the control device (400) are 
integrated into one. 



the regulator circuit (957, 960) includes: 

30 

a choking coif (471) connected to the one 
end of the each electromagnet (104, 105, 
106A, 106B, 151); 

a third switch element (461 ) for connecting 
and disconnecting a current that flows be- 35 
tween the choking coil (471) and the neg- 
ative electrode; 

a third rectifier element (465) for causing a 
current to flow from the negative electrode 
to the choking coil (471); 40 
a fourth switch element (462) for connect- 
ing anddisconnecting a current that flows 
between the first positive electrode and the 
choking coil (471); and 

a fourth rectifier element (466) for causing 45 
a current to flow from the choking coil (471 ) 
to the first positive electrode; 
to raise the voltage of the one end of the 
each electromagnet (104, 105, 106A, 
1 06B, 1 51 ), the third switch element (461 ) so 
is kept disconnected while controlling con- 
nection and disconnection of the fourth 
switch element (462); and that 
to drop the voltage of the one end of the 
each electromagnet (104, 105. 106 A, 55 
1 06B, 1 5 1 ), the fourth switch element (462) 
is kept disconnected while controlling con- 
nection and disconnection of the third 
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